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Preface 
 
This Master of Research thesis encompasses research that has been conducted over a period 
of nine months, and comprises the second year of the Master of Research Degree. The thesis 
is presented in four chapters, structured as: 
1) Thesis abstract 
2) Chapter 1 – Introduction and Background.  
3) Chapter 2 – Host tree associations, distribution, and identification key of Australian 
Platypodinae 
4) Chapter 3 – DNA barcoding and molecular systematics of Australian Platypodinae 
5) Chapter 4 – General Discussion 
6) Appendices 
 
Chapter 1 has been written in the format of a literature review, although it has not been 
formatted for a specific journal style. This review will be submitted for publication after this 
thesis is submitted. For the purposes of this thesis, the literature review focuses on the 
Australian subfamily of Platypodinae. 
 
Chapter 2 is one of two data chapters in this thesis. It focuses on compiling the ecological, 
biogeographic, and morphological taxonomic data of Australian Platypodinae species. These 
data are consolidated from various sources, such as published articles, monographs, 
previously unpublished information, taxonomic inventories, specimen data, and online 
databases. Additionally, a focus of this chapter is the construction of an electronic 
identification key for Australian Platypodinae. This key can be operated through the 
standalone software LUCID.  
 
Chapter 3 is the second data chapter of this thesis. It focuses on the amplification and 
sequencing of mitochondrial DNA (COI) and nuclear DNA (28S rDNA). The COI locus was 
sequenced to serve as a DNA Barcode, whereas 28S rDNA was used to complement COI in 
the investigation of Australian Platypodinae systematics and phylogenetics. All sequences 
will be uploaded to NCBI Genbank prior to submission of this chapter to a peer-review 
journal. 
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Chapter 4 comprises a general discussion and overview of the results obtained from this 
study, placed into the context of other published research. This chapter includes a discussion 
of the implications and limitations of this research and directions for future research.  
 
The first three chapters of this thesis have been written as self-contained units of a broader 
body of work, and I aim to publish these chapters as separate manuscripts in peer-reviewed 
journals. Originally a different format was envisaged for this thesis, i.e. a single methodology 
and a single results chapter. Due to the different approaches used in traditional taxonomic 
and molecular systematic research it was decided to keep these two aspects separate. 
Chapter 4 integrates results from the aforementioned data chapters and discusses their 
results in combination. The fact that chapters 1 to 3 were written with the aim of submission 
as independent manuscripts has led to some repetition of key concepts across chapters, 
however, it was attempted to keep redundancies to a minimum by cross-referencing of 
chapters. 
 
This thesis also contains a significant body of supplementary information within the 
Appendix (many results of Chapter 2 are presented within Appendices). Some tables and 
figures were moved to the Appendix due to their length, as they would interrupt the flow of 
the main text.  
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Thesis Abstract 
 
Pinhole borers (Coleoptera: Curculionidae, Platypodinae) are ecologically important and 
evolutionary unique taxa of economic significance. They are the oldest known insect lineage 
that cultivates fungi, commonly referred to as ambrosia fungi, within galleries excavated into 
the heartwood of trees. Most species of pinhole borers inhabit dead or dying trees, however, 
several species attack living trees, which can have detrimental effects on these hosts. For 
example, wilt disease is a common disease of trees caused by fungal pathogens transmitted 
by some pinhole borer species. These beetle species inoculate fungal pathogens into tree 
hosts and this can lead to tree mortality. Not all pinhole borer species that attack living trees 
carry fungi that cause disease, but their tunnelling and fungiculture can still have adverse 
effects on tree vigour and timber quality. Despite the importance of pinhole borers, 
ecological information pertaining to this group is scarce and species identification is difficult 
due to highly conserved morphologies across species. This Master of Research project will 
help bridge this gap by reviewing the taxonomy, systematics, and biogeography of previously 
collected Australian Platypodinae and systematically characterise common DNA barcoding 
sequences. 
 
This project investigated the biogeography, host tree associations, and morphological 
diversity of Australian pinhole borers. This has culminated in comprehensive distribution 
maps for recorded and collected specimens of 25 species in Australia, as well as the 
distribution of their respective host trees. An electronic identification key of 37 Australasian 
pinhole borers, Australian native species and commonly intercepted species, was also 
developed, the first of its kind for this group of beetles. Additionally, a molecular study was 
performed on 98 individuals of 31 Australian pinhole borer morphospecies. Mitochondrial 
COI and nuclear 28S rDNA loci were amplified and sequenced, resulting in novel COI DNA 
barcodes for seven species, and new 28S rDNA sequences for six other species. Using these 
loci, in conjunction with published data, the systematics of Australian Platypodinae was 
explored and contextualised with species previously described from across the globe. 
Phylogenetic analyses of both loci were congruent with previous systematic and evolutionary 
investigations; however, the Platypus genus remained unresolved due to its polyphyletic 
status. This result highlights the need for further taxonomic work on Platypus, and on 
Platypodinae more broadly. Finally, results obtained in this study are discussed in a global 
context, and recommendations for future studies are outlined.  
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Chapter 1: Introduction and background 
 
1.1 The evolutionary significance of weevils (Coleoptera: Curculionoidea)  
 
The sheer diversity of weevil species is testament to their evolutionary success. With more 
than 62,000 described species, the superfamily Curculionoidea make up 15.5% of all known 
beetle species (~400,000), and is recognised as the largest taxonomic superfamily of animals 
(Bouchard et al. 2011). Curculionoidae is divided into seven families; Anthribidae, 
Attelabidae, Belidae, Brentidae, Caridae, Curculionidae, and Nemonychidae, which are 
further divided into 26 subfamilies (Table 1.1). There are an estimated 220,000 species of 
Curculionoidea, which include 62,000 described species in 5,800 genera (Oberprieler 2007), 
suggesting that only about 25% of weevil species have been described. Species diversity is 
not evenly distributed across the families of weevils. Curculionidae is the largest family 
(51,000 species in 4,600 genera), followed by Brentidae (4,000 species in 400 genera). The 
smallest family, Caridae, is composed of only 6 species in 4 genera, possibly due to its 
restricted biogeography and seemingly ancient life history traits (Oberprieler 2007). 
 
The first weevils appeared in the fossil record some 161.2-150.8 Ma, in the Early to Middle 
Jurassic (Gratshev & Zherikhin 2003; McKenna et al. 2009; Toussaint et al. 2016; Wang et al. 
2013). The extinct Obrieniidae are thought to represent the initial radiation of weevils 
(however this is debated) and were widespread throughout Asia. Aside from obrienid fossils, 
no fossilised weevils are known from the period between the Late Triassic (213-219 Ma) and 
the Late Jurassic (163 Ma), despite large global collections of beetle fossils from this time 
period (Gratshev & Zherikhin 2003). The modern families of weevils, aside from Brentidae 
and Curculionidae, are thought to have arisen during the Middle to Late Jurassic, based on 
molecular phylogenetic data (140-180 Ma) (McKenna et al. 2009) and fossil evidence (132-
141 Ma) (Gratshev & Zherikhin 2003). The Brentidae and Curcuilionidae, commonly 
associated with angiosperms, diverged throughout the Early Cretaceous (145.5-130 Ma); 
however, much of the curculionid diversity did not appear until after the angiosperm 
radiation (120Ma) (Benton & Harper 2009; Berendse & Scheffer 2009), in a time-delayed 
fashion, some 93.5-89.3 Ma. A continuum of evolutionary success allowed weevils, 
particularly Curculionidae, to exploit almost every terrestrial niche. Several evolutionary 
innovations include the oviposition rostrum (i.e. the use of rostrum mouthparts to excavate 
chambers in plant structures to deposit eggs) and endophytophagy present in both larvae 
and adults (Anderson 1993; Oberprieler 2007; McKenna et al. 2009). 
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Weevils are as diverse ecologically as they are in an evolutionary sense. They are known to 
occur in all terrestrial biomes across the world, including arctic and subantarctic zones, 
mountain tops, and deserts (Anderson 1993; Chown 1994; Oberprieler 2007). They primarily 
feed on plants, possibly due to their intimate evolutionary history with their respective host 
plants, but some species are also known to feed on algae and cyanobacteria (Oberprieler 
2007).  As described by Anderson (1993), weevil species tend to fall into one of two feeding 
strategies: 1) species are more or less polyphagous, with larvae of these species feeding 
externally on the roots of a diversity of host plants, or, 2) species with a narrow taxonomic 
range of host plants are oligophagous or monophagous, and larvae of these species are 
internal feeders of plant structures, such as stems, leaves, or reproductive structures. The 
widespread diversity of weevils, and their reliance on plants for their life history strategies 
have earned them notoriety as agricultural and forestry pests. Weevils attack almost all 
agriculturally important crops; notable crops include citrus (Woodruff 1985), bananas (Gold 
et al. 2001), and grains (Longstaff 1981). They are also known as pests of other economically 
important plant resources; Platypodinae and Scolytinae are notorious pests of forest and 
timber resources, as they are reliant on trees for much of their life history (Neumann & Harris 
1974; Jordal 2014b). Conversely, their reliance on plants mean that weevils can also be used 
advantageously in the biological control of weeds and invasive species (Anderson 1993; 
O’Brien 1995; Gutierrez et al. 2016).   
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Table 1.1 Recognised families and subfamilies of Curcuilionoidae, with an outline of the tribes and 
genera of Platypodinae (compiled from Jordal 2015; Oberprieler 2007; Wood 1993). 
Superfamily Family Subfamilies Tribes (listed for 
Platypodinae 
only) 
Genera (listed 
for 
Platypodinae 
only) 
Curcuilionoidae Nemonychidae Nemoychinae 
Rhinorhynchinae 
Cimberidinae 
  
 Anthribitdae Urodontinae 
Anthribinae 
Choraginae 
  
 Belidae Belinae 
Oxycorcyninae 
  
 Attelabidae Rhynchitinae 
Attelabinae 
  
 Caridae    
 Brentidae Ithycerinae 
Microcerinae 
Eurhynchinae 
Brentinae 
Apioninae 
Nanophyinae 
  
 Curculionidae Dryophthorinae 
Platypodinae 
Brachycerinae 
Cyclominae 
Entiminae 
Molytinae 
Cossoninae 
Scolytinae 
Baridinae 
Curculioninae 
Coptonotinae 
 
Platypodini 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Austroplatypus 
Baiocis 
Costaroplatus 
Crossotarsus 
Cylindropalpus 
Dendroplatypus 
Dinoplatypus 
Doliopygus 
Epiplatypus 
Euplatypus 
Megaplatypus 
Mesoplatypus 
Myoplatypus 
Neotrachyostus 
Oxoplatypus 
Pereioplatypus 
Peroplatypus 
Platyphysis 
17 
 
 
 
1. 2. Who knows what weevils lurk in the hearts of trees – the natural history of 
Platypodinae (Coleoptera: Curcuilionidae, Platypodinae) 
 
1.2.1. Life history  
 
Members of Platypodinae are commonly referred to as pinhole borers, and perhaps less 
clearly so as ambrosia beetles (as some but not all Scolytinae are also referred to as ambrosia 
beetles). They are an ecologically and economically important group of weevils. Species of 
Platypodinae complete most of their life cycle in dead or dying trees (some in living trees), 
wherein symbiotic fungi (referred to as ambrosia) is farmed on excavated tunnel walls as a 
food source for larvae and adults (Beaver 1989; Beaver 2000). To avoid confusion with the 
ecologically similar Scolytinae, members of Platypodinae will herein be referred to as pinhole 
borers. 
 
Tunnel excavation in pinhole borers is commenced with a solitary male boring into the tree, 
after which he is joined by a female (Austroplatypus incompertus is a notable exception as 
tunnel excavation is female initiated) (Browne 1962b; Kirkendall 1983). After mating, a lone 
 
 
 
 
 
 
 
Schedlariini 
Tesserocerini 
Platypus 
Teloplatypus 
Trachyostus 
Treptoplatypus 
Triozastus 
Schedlarius 
Cenocephalus 
Chaetastus 
Diapus 
Genyocerus 
Mitosoma 
Notoplatypus 
Periommatus 
Tesserocerus 
 
Tesserocranulus 
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female will continue tunnelling and lay eggs. Males remain near the entrance to remove 
waste and frass (wood fibres), and to further deter the entry of predators, parasites, and 
male conspecifics (Kirkendall et al. 1997). Interestingly, males of some species are known to 
block entrances with frass to deter entry of intruders (Jover 1952; Husson 1955), without 
impacting the growth and health of cultivated fungi. Larvae develop through several instar 
stages (up to five instars are reported) within gallery systems, and contribute to fungal 
cultivation and gallery extension via excavation (Roberts 1961b; Browne 1972). Tunnels are 
most often excavated across the grain of sapwood and into heartwood, and after extensive 
tunnelling, these networks form a gallery system (Neumann & Harris 1974; Farrell et al. 
2001). Larvae often excavate their own pupal chambers, which increases the size of galleries, 
and newly emerged teneral adults leave their natal gallery systems to colonise new woody 
niches through tunnel excavation and fungal gardening (Beaver 1989).  
 
1.2.2. Fungiculture 
 
All members of Platypodinae, aside from the basal Schedlarius (Kirkendall et al. 1997; Jordal 
2014a), are xylomycetophagous, which refers to completing life cycles within wood and 
feeding upon fungi that grow within (Biedermann 2012; Kirkendall et al. 2015). Commonly, 
ophiostomatoid fungi (Ambrosiella, Raffaelea, and Dradomyces genera) are cultivated by 
pinhole borers in an obligatory relationship (Massoumi Alamouti et al. 2009). These fungi can 
grow as hyphae, which form an extended mycelium mat, or as ambrosia, where the fungi 
form catenulate bodies that line the internal walls of the gallery. The ambrosia can also form 
a mat of conidiophores with a single terminal conidium (Batra 1963). The fungal associates 
break down the host tree xylem and are an essential food source for larvae and adults. The 
hyphae in these systems provide the beetles with proteins, amino acids, steroids, and other 
important nitrogenous compounds that cannot be sequestered from directly consuming 
wood (BEAVER 1989; Hulcr & Dunn 2011). 
 
Fungal spores are often transported via mycangia, specialised invaginations within the cuticle 
(Nakashima 1975; Belhoucine et al. 2013), or more generally on the surface of the body, such 
as in setae (Levieux & Perry 1989). Fungi are cultivated in newly found host trees from the 
spores collected within the beetles’ natal garden. As such, the relationship between fungi 
and beetle can be seen as mutualistic, as pinhole borers have a reliable source of food, while 
the fungi are dispersed and distributed by the movements of their beetle hosts. 
19 
 
 
1.2.3. Behaviour and sociality 
 
The behaviours of adult pinhole borers can be segmented into six distinct phases, as initially 
described by Chapman (1955) for scolytine beetles, and later applied to describe the 
behaviour of the pinhole borer, Trachyostus ghanaensis, by Roberts (1961b). (1) The feeding 
phase of the young adult begins with the adult emerging from its pupal cell, where it feeds 
on fungi, allowing the growth and development of flight muscles and oenocytes, as well as 
stockpiling of fat to ensure the beetle has enough stored energy to make the flight to a new 
host. (2) This is followed by the pre-emergent phase, which is simply a waiting stage for the 
beetle to ensure conditions are right for dispersal to a new host tree. When conditions are 
suitable, the beetle begins its (3) flight phase, when adults leave the natal gallery to search 
for a new host tree. Once located, the beetle will begin the (4) attack phase. This phase is 
solely undertaken by one sex, as males begin the attack of the host tree, which attracts 
females to the host tree to mate. After mating, both sexes begin the (5) gallery excavating 
phase, wherein the female begins to bore into the heartwood of the tree, while males remain 
near the entrance to clear frass and debris, and to deter the entry of intruding pathogens, 
predators, or conspecifics. (6) The last phase is solely undertaken by females, and is 
described as the brood phase, wherein females feed on the available fungi for ovary 
maturation, and development and laying of eggs. Additionally, females will continue to 
excavate further tunnels, slowly developing the gallery structure within the tree. An 
exception to this pattern is A. incompertus. As further discussed below, initial tunnel 
excavation and gallery formation is performed by a mated female whom is later assisted by 
daughter workers. 
 
All species of pinhole borers are thought to be subsocial (i.e. they provide parental care for 
offspring), a trait which is thought to be a precursor to the evolution of eusociality (whereby 
eusocial groups also contain obligatory sterile members) (Boomsma 2009; Hölldobler & 
Wilson 2009). The level of parental care in pinhole borers is similar to that of other 
fungicultural insects, including many termites and Hymenoptera (Mueller & Gerardo 2002; 
Mueller et al. 2005; Menezes et al. 2015). The subsociality exhibited by pinhole borers is 
diverse, and is identified by a suite of behaviours exhibited by parents to care for their young. 
The excavation of tunnel systems by females allows for a higher surface area upon which 
fungi can grow for larvae to feed upon (BEAVER 1989). Postcopulatory male residency also 
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assists larval development and therefore constitutes paternal care; with males clearing frass 
and debris to maintain hygiene in the gallery, and also guarding the entrance to deter the 
entry of intruders (Kirkendall et al. 1997). It has also been observed that young adults 
occassionally undergo delayed dispersal and assist in gallery maintenance (Beaver 2000). For 
example, young Doliopygus conradti adults tend to stay in the gallery for extended periods 
of time and assist in the upkeeping of gallery hygiene and fungal cultivation. The length of 
time in which young adults remain in their natal gallery is inverse to the number of other 
larvae present, as there is a higher chance for these young adults to utilise resources made 
available by previous generations (Browne 1962b). Females of several Crossotarsus species 
are known to actively move eggs and larvae around, with the help of a central patch of sticky 
hairs on their frons. This allows females to move offspring away from potential intruders or 
closer to food, and potentially away from pathogenic fungi and microbes (Darling & Roberts 
1999). Moreover, several species of Doliopygus, Platypus, and Trachyostus have a division of 
labour between adults and larvae in gallery maintenance, with larvae exhibiting a delayed 
development compared to all other pinhole borers and assisting in gallery maintenance 
(Kirkendall et al. 2015). Furthermore, as has also been observed in scolytine ambrosia 
beetles, larvae extend gallery tunnels through the excavation of pupal cells, and also 
promote the growth of fungi on tunnel walls (Biedermann & Taborsky 2011; Biedermann 
2012). This division of labour in pinhole borers is similar to that of eusocial termites, but 
different to all eusocial Hymenoptera, where adult worker castes assist and care for helpless 
and immobile larvae (Hölldobler & Wilson 2009). Despite these few broad observations, 
specific behavioural patterns of pinhole borers are largely unknown due their highly cryptic 
lifestyle (Kirkendall 1983). 
 
Unique to all other described beetle species, A. incompertus is the only known eusocial 
beetle species (Browne 1971; Kent & Simpson 1992). This species inhabits galleries inside 
living eucalypt trees for an extended period of time (up to 40 years) with little evidence of 
damage to the tree’s health. Their eusociality is characterised by cooperative brood care by 
adult females and offspring, and the division of individuals into reproductive and sterile 
castes (Smith et al. 2009, Kent & Simpson, 1992). Contrary to colonies of other pinhole borer 
species, tunnel initiation and gallery foundation is by a mated, single female. Several 
daughter workers remain in the gallery for their lifetime, assisting with gallery hygiene and 
defence. All male offspring of A. incompertus disperse, and labour within the nest is 
conducted by the queen and several female adult offspring (Kent & Simpson 1992). Helper 
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caste daughters cannot survive outside the gallery as their last four tarsal segments are worn 
off, restricting these individuals to within the maternal gallery (Kirkendall et al. 1997). Several 
other pinhole borer species are expected to be eusocial, or have eusocial-like behavioural 
repertoires. Platypus tuberculosus is one such candidate, due to its preference for living host 
trees and gallery tunnel structure (Kirkendall et al. 1997). The living tree ecosystem is 
thought to be beneficial for the origin of eusociality in pinhole borers as this resource is 
durable and stable (Boomsma 2009; Hölldobler & Wilson 2009; Kirkendall et al. 1997) as long 
as resident beetles do not encourage the growth of pathogenic fungi and bacteria. Further 
research into species that reside in, and do not kill, living trees may reveal further eusocial 
species and shed light on the evolutionary trajectory of this interesting life history. 
 
1.3. Ecological and economic significance of Platypodinae 
 
Deadwood constitutes a large proportion of biomass in forests and is slow to break down. 
The symbiotic relationships between pinhole borers and their associated fungi and other 
microbes facilitate the decomposition of deadwood and therefore contribute to nutrient and 
energy flow in forest ecosystems (Lawrence & Milner 1996; Ulyshen 2016). Species that 
attack deadwood tend to show no preference in host specificity, for example Crossotarsus 
externedentatus is known to colonise the timber of over 100 species of tree (Kent 2008a). 
Although a large proportion of pinhole borer species contribute to the decomposition of 
deadwood, several are known to attack weakened, but living trees. These include: C. 
externedentatus (Kent 2008a), Megaplatypus mutatus (Zanuncio et al. 2010), Platypus 
apicalis (Milligan 1979), Platypus gracilis (Milligan 1979), and Platypus subgranosus (Elliott 
et al. 1987). Additionally, several species colonise healthy living trees, including: A. 
incompertus (Browne 1971), Dendroplatypus impar (Beeson 1941), Euplatypus parallelus 
(Beaver 2013), Notoplatypus elongatus (Kirkendall et al. 1997), Platypus cylindrus 
(Belhoucine et al. 2011), Platypus koryoensis (Suh et al. 2011), Platypus quercivorus (Kubono 
& Ito 2002), Platypus tuberculosus (Kirkendall et al. 1997), Trachyostus aterriumus (Roberts 
1961a), and Treptoplatypus caviceps (Neumann & Harris 1974)  
 
Tree infestations and outbreaks in plantations can inflict serious damage on the timber 
industry. Management and prevention techniques to combat pinhole borer infestations are 
severely limited due to poor beetle identification tools and classification systems, unknown 
ecological causes of infestation, and incomplete biogeographic knowledge (Neumann & 
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Harris 1974; Alfaro et al. 2007). The value of infested wood is often reduced due to staining 
and structural defects caused by the beetles tunnelling and by softening of the timber, as 
their farmed fungal hyphae extend into the wood (Beaver 2000; Kubono & Ito 2002; Alfaro 
et al. 2007; Belhoucine et al. 2013). 
 
1.3.1 Tree pathogens transmitted by Platypodinae 
 
Aside from causing structural damage to trees due to their boring activity, several pinhole 
borer species are known to form symbioses with tree pathogenic fungi. Infestations of P. 
quercivorus, and the inoculation of the associated fungus Raffaelea quercivora, has led to 
the mass mortality of Japanese oak through wilt disease (Kubono & Ito 2002; Massoumi 
Alamouti et al. 2009). A similar oak wilt disease occurs in Korea, and is caused by the 
symbiotic fungus Raffaelea quercus-mongolicae (associated with P. koryoensis) that has led 
to significant host tree mortality (Suh et al. 2011). Another wilt disease has been recorded 
for Pterocarpus indicus in Malaysia, and is caused by Fusarium oxysporum transmitted by E. 
parallelus (Bumrungsri et al. 2008; Philip 1999). In New Zealand, Nothofagus tree species are 
attacked by P. apicalis, P. gracilis (Milligan 1979), and T. caviceps (Neumann & Harris 1974; 
Ploetz et al. 2013). These species inoculate the fungus Sporothrix nothofagi into their host 
trees, resulting in tree mortality. Furthermore, P. cylindrus has been recorded to attack cork 
oak in north west Algeria, Africa, and is associated with up to 42 species of fungi, primarily 
from the Ophiostomatales group which are pathogenic to host trees (Belhoucine et al. 2011; 
Belhoucine et al. 2013). The species documented to transmit pathogenic fungi are only a 
small fraction of the overall known diversity of Platypodinae, while the host tree impact of 
fungi associated with other Platypodinae species are poorly understood. 
 
1.3.2 Introduced and invasive Platypodinae 
 
Pinhole borers are among the most commonly translocated insects via international trade, 
as eggs and larvae in wood (traded for timber or used for packing crates) can easily remain 
undetected (Chase et al. 2016). This presents a major biosecurity threat to native and 
managed forests globally, as biotic homogenization of species facilitates novel associations 
between beetles and fungi, including tree pathogens (Hulcr & Dunn 2011; Six & Wingfield 
2011). Ultimately, the introduction of invasive pinhole borers increases the risk of tree 
infestation and mortality, as many such species can quickly establish populations in non-
23 
 
native regions. The accidental introduction of M. mutatus into Canada and Italy, from South 
America, is a notable example of the potential impact of invasive species. The few introduced 
individuals quickly established large populations, and aggressively attacked poplar trees. 
Their infestations degraded timber quality and weakened tree stems, leaving them 
susceptible to further structural damage. This threatened significant poplar resources, and 
this had repercussions on global timber trade (Alfaro et al. 2007; Kirkendall & Faccoli 2010). 
 
When introduced to novel ecosystems, invasive pinhole borers could potentially shift their 
preference to attack living trees, as demonstrated by some scolytine ambrosia beetles (Hulcr 
& Dunn 2011). These shifts in preference are not well understood, however, several 
hypotheses have been proposed. It has been suggested that invasive species misinterpret 
semiochemicals released by living trees for those signalling stress responses. Another 
contending hypothesis is that these species have always attacked living trees, even in their 
native habitats, and that we only observe these species to become destructive in novel 
ecosystems where host trees are naïve (and undefended) to the ambrosia beetles and their 
associated fungi, and subsequently die (Hulcr & Dunn 2011; Ploetz et al. 2013). Despite 
knowledge gaps in these hypotheses, it becomes clear that the range expansion of some 
species across the world is highly detrimental to ecosystem functioning and natural 
resources, especially so for naïve ecosystems. 
 
1.3.3. Management and prevention of pinhole borer attack 
 
Management and prevention techniques to combat pinhole borer infestation are limited due 
to poor beetle identification tools, unknown ecological causes of infestation, and incomplete 
biogeographic knowledge (Kirkendall & Faccoli 2010). One management strategy 
occasionally implemented to prevent infestation of felled timber is timber seasoning, but 
this has spatial, temporal, seasonal and technical limitations, and furthermore it does not 
prevent pinhole borers attacking stressed, dying, or diseased standing trees, or living healthy 
trees (Neumann & Harris 1974). Port surveillance involving the interception, identification, 
and eradication of invasive species at international ports of entry is by far one of the best 
methods currently employed to protect natural resources from incursion. However, its 
success is limited by the paucity of publicly available identification tools and taxonomic 
knowledge of species, including that of native diversity. Much of the identification and 
knowledge about these species is reliant on a dwindling number of expert taxonomists 
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(Morgan 1963; Wilson 1971), and molecular data that could aid identification by more 
generalist entomologists are still sparse for this group of beetles (Kirkendall & Faccoli 2010). 
 
1.4 Taxonomic, systematic, and evolutionary history of Platypodinae 
 
1.4.1. Taxonomic history of Platypodinae 
 
The subfamily Platypodinae has had a highly contentious and turbulent taxonomic history. 
Many systematic classification schemes have been proposed which placed the group at 
various taxonomic levels since first described. The debate surrounding the “family level 
status” of Platypodinae began in 1793, when Herbst synonymised Platypus and other closely 
related genera together with members of Scolytinae as a distinct family to other weevils 
(Kuschel 1995; Kuschel et al. 2000). By this reckoning, Platypodinae and Scolytinae were 
considered as a single monophyletic family due to conserved characters, shared ecological 
life histories, and behavioural repertoires (Jordal et al. 2014). Over the past two centuries 
few taxonomists have attempted to reconcile the higher level systematics of weevils using 
morphological approaches, however four notable attempts were made by Schoenherr 
(1826), Lacordaire & Chapuis (1866), Schedl (1939), and Crowson (1995). The revision made 
by Schoenherr (1826) saw Scolytinae and Platypodinae excluded from Curculionidae as a 
separate family of weevils, named Scolytidae, which was largely supported by further studies 
from Lacordaire & Chapuis (1866). However, in 1939 Schedl revised the taxonomy of wood 
boring weevils and established the superfamily Scolytoidae, composed of four families; 
Scolytidae, Coptonotidae, Platytarsulidae, and Platypodidae (Schedl 1939). This revision was 
hotly contended amongst other researchers, especially by Crowson (1955).  
 
In 1955 Crowson published his book, The Natural Classification of the Families of Coleoptera, 
in which the systematics of weevils were once again challenged (Crowson 1995). The families 
that Schedl raised to family status were lowered to sub-families within Curculionidae, and 
Scolytinae and Platypodinae were resolved as two distinct (although closely related) 
monophyletic clades. Subsequent morphological and phylogenetic analyses supported 
Crowson’s hypotheses (Jordal et al. 2014). There have been few opponents to Crowson’s 
hypotheses, but recent morphological cladistic analyses have reignited this debate. Stephen 
Wood was very vocal in his opposition to Crowson’s proposal, claiming that due to the 
pregular sutures found solely in Platypodinae and Scolytinae and the lack of a rostrum in 
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both groups, along with their unique ecological life histories, they are not only 
indistinguishable from one another but also deserving of family status separate from 
Curculionidae (Wood 1973; Wood 1993). 
 
1.4.2. Modern morphological and molecular phylogenetic analyses 
 
Recent phylogenetic analyses have revolutionised the systematics underpinning 
evolutionary relationships across taxa. One of the first, and most influential, cladistic analysis 
of weevil systematics was published by Marvaldi (1997). This study was the first to use larval 
characters to investigate the systematics of Curculionidae. Platypodinae and Scolytinae were 
resolved within Curculionidae, but separate to one another, supporting Crowson’s 
hypotheses. However, a subsequent cladistic analysis of adult weevil characters found that 
not only did Platypodinae and Scolytinae form a monophyletic clade, but Platypodinae were 
nested within Scolytinae (Kuschel et al. 2000). These findings contradict Marvaldi’s results 
and also support a more classical view of curculionid taxonomy, held by Schedl (Schedl 1939; 
Schedl 1972a), Wood (Wood 1973; Wood 1993), and Bright (Bright 2014).  
 
Incorporation of genetic data into phylogenetic analyses has further helped resolve the 
systematics and evolutionary history of Platypodinae. The first molecular-based 
phylogenetic analysis of the group, by Farrell et al. (2001) resolved Platypodini (one of five 
tribes within Platypodinae (Table 1)) as monophyletic with several Scolytinae tribes, 
contradicting Crowon’s hypotheses. However, further analyses by Marvaldi et al. (2002) and 
McKenna et al. (2009) integrated additional genetic data, and were found to support 
Crowson’s hypotheses. A study focussing on the origin of social behaviour in Scolytinae and 
Platypodinae found that these two clades are distinct and distantly related; however, the 
true phylogenetic position of Platypodinae was uncertain and changed depending which 
analyses were applied (Jordal et al. 2011) (further documented in Gunter et al. 2016). Quite 
a few studies have since resolved Platypodinae as a basal lineage in Curculionidae, forming 
a close sister clade with Dryophthorinae (Jordal & Cognato 2012; Jordal & Kambestad 2014; 
Gillett et al. 2014; Gunter et al. 2016; Haran et al. 2013; Timmermans et al. 2015). Recently, 
Jordal (2015) published an extensive investigation into the classification, diversification, and 
biogeography of global Platypodinae species. This study highlights the incongruence 
between historical morphologically based taxonomic studies and contemporary molecular 
analyses. These results suggest that systematic analyses of genera and species need to be 
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undertaken to accurately reflect evolutionary and systematic relationships. Despite these 
findings by Jordal (2015), the cumulative conclusion of these respective studies so far suggest 
that Platypodinae forms a close basal clade with Dryophthorinae, and is distantly related to 
Scolytinae (outlined in Jordal et al. (2014)).  
 
1.4.3. Evolutionary history of Platypodinae 
 
The fossil record of Platypodinae is rather sparse, with all described specimens identified as 
members of the Tesserocerini tribe (Table 1.1). Collectively, all fossilised individuals are from 
Mexican, Dominican, Baltic, and Appeninian amber (Bright & Poinar 1994). The oldest 
described individual, in Appeninian amber, was dated to the Late Oligocene, some 25-33 Ma 
(Skalski & Veggiani 1990; Gratshev & Zherikhin 2003); however, there are Platypodinae 
fossils awaiting description from 100 Ma Burmese amber (Jordal 2015). Most fossilised 
individuals fall within the Cenophalus genus, with Schedl (1962) having described three 
Cenophalus spp., and Bright & Poinar (1994) describing a further six Cenophalus spp., also 
including Tesserocerus primus. Bright & Poinar (1994) categorised these fossilised specimens 
within extant genera, which is common amongst all fossils dated to 30 Ma, suggesting that 
Platypodinae genera have a well-established ancient origin. The fossilised Platypodinae from 
100 Ma awaiting description supposedly cannot be readily placed within extant genera 
(Jordal 2015), conferring the ancient origin of these beetles. 
 
Molecular data corroborates the ancient origin of Platypodinae as suggested from fossil taxa. 
Several investigations have made use of a range of genes and mitogenomes to scrutinise the 
evolutionary history and potential ancient biogeographic dispersals within the group (Haran 
et al. 2013; Timmermans et al. 2015). Several fossil calibrated phylogenies indicate a Mid-
Cretaceous origin of Platypodinae, congruent with the speciation of many other weevil 
subfamilies during the angiosperm radiation (Farrell 1998; McKenna et al. 2009). The bulk of 
the diversity present in Platypodinae diversified during the late Palaeoene-Eocene with the 
origin of the Platypodini tribe, which coincided with the Palaeocene-Eocene thermal 
maximum (PETM). Molecular dating suggests the stem group, Platypodinae, arose 120 Ma, 
whereas the core crown group place their diversification some 70-80 Ma (McKenna et al. 
2009; Gillett et al. 2014; Jordal et al. 2011; Jordal 2015). Two of the three tribes of 
Platypodinae, Tesserocerini and Platypodini (Table 1.1), have been used in these molecular 
reconstructions. The Tesserocerini are estimated to be the oldest tribe (~96 Ma), with the 
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last split between genera occurring approximately 37.4 Ma. Platypodini is a much younger 
tribe, with a minimum age of 54.7 Ma, with divergence between genera 10.3 Ma (Jordal 
2015). These dates are congruent with what is observed in the fossil record, as there is an 
absence of Platypodini species in Dominican and Mexican amber, despite the diversity of 
tesserocerine species. This suggests that Platypodini species were not present in the 
Neotropics during the early Miocene, indicating a recent origin of the tribe (Schedl 1972a; 
Bright & Poinar 1994; Jordal 2015).  
 
Reconstruction of ancient distributions and dispersal events by Jordal (2015) suggest an 
ancient ancestry of Platypodinae in the Afrotropics, from which dispersal to Australasian, 
Indo-Malayan, and Neotropical regions took place. These strongly supported reconstructions 
involved ancient dispersals of Mitosoma (41-62 Ma), from Africa to Madagascar; three 
dispersal events to the Neotropics, which included Tesserocerus (54-78 Ma), Cenocephalus 
(30-44 Ma), and Neotropical Platypodini (22-32 Ma); and to the Indo-Malayan region once, 
in the lineage leading to Diapodina (a sub-tribe of Tesserocerini) and once in Platypodini (78-
95 Ma). Dispersal from the Indo-Malayan region to Australia occurred once in Diapodina (34-
53 Ma), and three times in Platypodini: Austroplatypus (45-64 Ma), Platypus (and closely 
related genera) (23-38 Ma), and Crossotarsus (8-19 Ma).  
 
Investigations into the evolutionary history of Platypodinae have also yielded insights into 
the evolution of fungal farming in this group and in other fungus-cultivating weevils, 
Scolytinae and Cossoninae. Symbiotic relationships between weevils and fungi have arisen 
at least 11 times, with Scoytinae and Cossoninae developing this behaviour independently 
multiple times (Jordal & Cognato 2012; Mueller & Gerardo 2002; Mueller et al. 2005). 
Fungiculture is thought to have arisen only once in Platypodinae (Jordal et al. 2011), where 
all but the most basal taxa farm fungi (Kirkendall et al. 2015). The first prominent 
investigation into the evolution of fungiculture in beetles was conducted by Farrell et al. 
(2001); results of this study indicated that this symbiosis arose in xylomcetopahgous weevils 
60-21 Ma. However, recent analyses of molecular and fossil data suggest a more ancient 
origin of this symbiosis in Platypodinae, 80 Ma (Jordal et al. 2011), coinciding with their 
radiation into woody niches and subsocial breeding systems. The diversification of 
ophiostomatoid fungi commonly associated with Platypodinae is estimated to coincide with 
the diversification of conifers some 200 Ma (Farrell et al. 2001; Massoumi Alamouti et al. 
2009). This predates the origin of Platypodinae and other fungicultural insects (such 
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hymenopterans, termites, and weevils) (Jordal 2015; Mueller et al. 2005), and suggests an 
ancient and independent origin of fungiculture (Jordal & Cognato 2012). 
 
1.5 Species diversity in Australia 
 
Currently, there are 14 genera and 46 species of Platypodinae recognised within Australia, 
however, only a small subset, 14 species, appear to be endemic (Schedl 1959; Schedl 1971a; 
Pullen et al. 2014; Wood & Bright 1992a; Wood & Bright 1992b). Many species documented 
in mainland Australia are also known to occur throughout Australasia, from South East Asia, 
Borneo and Papua New Guinea, the Pacific Islands (including Fiji and New Caledonia), and 
also New Zealand. Additionally, two species found in Australia, Euplatypus parallelus (Beaver 
2013; Bumrungsri et al. 2008) and Crossotarsus externedentatus (Jordal 2014a), are 
distributed across several continents.  
 
Species found in Australia follow an eastern distribution, ranging from far-north Queensland 
to southern Tasmania. Modern distributions reflect ancient dispersal events from Indo-
Malaya as highlighted by Jordal (2015), and also follow patterns of the growing Eocene forest 
habitat (Lohman et al. 2011). Pinhole borers inhabit mesic forest environments across 
eastern Australia, as their lifecycles are dependent on deadwood found in these ecosystems. 
Most genera span the entirety of the east coast of Australia, with many species being 
concentrated toward the north. Austroplatypus incompertus is a notable exception, with a 
distribution spanning from northern New South Wales to southern Victoria and no 
specimens collected in Queensland. The two representative genera of Australian 
Tesserocerini, Diapus and Notoplatypus, are distributed throughout northern Queensland 
and New South Wales. Known species ranges may be an incomplete representation of the 
true range, because of under sampling and a bias in collection specimens sourced from 
timber mills, and many species are underrepresented in collections. Extensive sampling is 
needed to confer our knowledge of their biogeography and ranges, as well as the ecological 
roles that they play. 
 
Four Australian Platypodinae species are known to attack living trees; A. incompertus 
(Browne 1971; Kent & Simpson 1992), P. tuberculosus (Kirkendall et al. 1997), P. subgranosus 
(Elliott et al. 1987), and N. elongatus (Jordal 2014a). Of these four species, A. incompertus 
and P. subgranosus are recognised for their economic impact on the forestry and timber 
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industries through wood boring and fungal gardening. Platypus subgranosus has known 
symbiotic associations with several fungal species including Chalara australis, 
Leptographium sp., Hormpascus platypodis, and Raffaelea sp. (Candy 1990), and of these 
fungi C. australis is a known pathogen of Nothofagus cunninghamii trees in Tasmania (Elliott 
et al. 1987). Platypus subgranosus attacks weakened trees (weakened by C. australis), and is 
a secondary factor in myrtle wilt disease (Kile & Hall 1988). Aside from this, there are no 
incidences of pinhole borer mediated tree diseases within Australia. Therefore Australian 
forest ecosystems may be susceptible to introduced species and their fungal associates, as 
has occurred overseas (Hulcr & Dunn 2011). 
 
1.6 Rationale of this study 
 
The impacts of climate change have seen an increase in population sizes of either aggressive 
or invasive ambrosia and bark beetles in the northern hemisphere due to increased host tree 
stress and shifting species distributions (Choi 2011; Cudmore et al. 2010). Climate change is 
likely to exacerbate the severity of beetle attacks on forest ecosystems which will lead to 
extensive tree mortality, through increasing the risk of incursions of invasive species within 
Australia. Similarly, climate change will also have damaging effects on Australian mesic forest 
ecosystems (Allen et al. 2010; Byrne et al. 2011; see González-Orozco et al. 2016 for climate 
change effects on eucalypt forests). Any increase in aggressive and/or invasive wood boring 
taxa coupled with impacts caused by climate change will heighten the risk to endangered 
tree species. As such, understanding the present diversity of pinhole borers in Australia will 
allow us to recognise potential invasive species incursions and range expansions, and we can 
therefore appropriately protect threatened trees affected by these species.  
 
Globally there is growing literature and research focusing on ambrosia beetle biology and 
ecology, however, the bulk of this work is conducted in the northern hemisphere (Kirkendall 
1983; Goheen & Hansen 1993; Hulcr & Dunn 2011; Ploetz et al. 2013; Jordal & Kambestad 
2014). There are fewer studies regarding species diversity in the southern hemisphere, and 
have predominately focussed on pinhole borer species which cause wood staining in 
eucalypt wood (Schedl 1971b; Neumann & Harris 1974; Schedl & Lienz 1979) and a number 
of invasive northern hemisphere species (Kirkendall & Faccoli 2010). 
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Historically the identification of pinhole borers has relied on dorsal morphological features, 
with particular reference to apical elytra characters, such as armature and declivity. The bulk 
of morphological data exists in the primary literature of species descriptions, with very few 
syntheses or taxonomic revisions. Several dichotomous keys exist for the group, but much 
like primary species descriptions, they are limited to a small taxonomic subset of species and 
are also scattered across journals and some grey literature, some of which are difficult to 
access as they have not been digitised. Hitherto, much of the identification to species level 
is reliant upon few expert taxonomists, who are steadily declining in number (Lyal et al. 2008; 
Morgan 1963; Wilson 1971).  
 
The purpose of this study is to assess the morphological variation in Australian species, and 
based on this, to develop an identification key of Australian Platypodinae that will then 
constitute an accessible tool for the identification of species by non-specialists. Possessing a 
thorough understanding of the native diversity will aid biosecurity efforts in abating non-
native incursions.  
 
Identifying pinhole borers can be time consuming and ambiguous considering the many 
conserved and convergent traits found across wood-boring beetles. Few DNA barcoding 
resources exist for these taxa (Jordal & Kambestad 2014; Ratnasingham & Hebert 2007). 
Additionally, identifying species of quarantined wood boring insects is difficult as immature 
stages cannot be identified to species level based on morphology. Molecular tools are the 
most efficient and accurate way to resolve insect identity in these cases (Jordal et al. 2011). 
DNA barcoding has proven successful in identifying Palearctic pinhole borer species (Jordal 
& Kambestad 2014), and should be replicable for Australian taxa. Moreover, new molecular 
data will shed light on the systematics and evolutionary history of the beetles, their 
fungiculture, and sociality. 
 
Specimen records and host tree association lists are only partially complete and scattered 
across various collection databases, in unpublished formats, or on insect pins (Sikes et al. 
2016). Consolidating this information will be crucial in understanding population 
demographics and species distributions. Besides the taxonomic importance, these 
investigations, when applied across Platypodinae as a whole will prove invaluable in 
managing outbreaks, infestations, or range expansions of these species (Kirkendall & Faccoli 
2010) as well as in conservation efforts.  
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Taxonomic research is required to facilitate biological and ecological research, as well as to 
conserve and manage natural systems, but the support for taxonomy and collections is 
declining. This is referred to as the taxonomic impediment (Wheeler et al. 2004), which has 
massive implications for Platypodinae research globally (as discussed previously). However, 
there are growing initiatives to circumvent the decline of one of the oldest biological 
research disciplines through the integration of data that explores more than just the 
morphodiversity of species (Dayrat 2005).  The need for the introduction of molecular data 
into taxonomic systems was suggested over a decade ago (Tautz et al. 2003), whereby the 
use of universal DNA barcodes of various phyla (Hebert et al. 2003) should assist in the 
identification of species, and resolve phylogenetic issues which morphological cladistics 
cannot disentangle. The term integrative taxonomy was coined in 2005 (Dayrat 2005), and 
argued that molecular, morphological, and multiple other complementary perspectives 
should be utilised to address species boundaries in taxonomic research. Independent 
research projects (Gibson et al. 2012; Riedel et al. 2013; Lamarre et al. 2016) and reviews 
(Schlick-Steiner et al. 2010; Pante et al. 2015) agree that this combined approach is a suitable 
way to address the taxonomic impediment. The integration of multiple datasets should 
resolve the taxonomic issues surrounding Australian distributed Platypodinae, as well as 
generate novel data that will be highly informative for work on these species.  
 
1.7 Study goals and chapter outlines 
 
1.7.1. Study goals 
 
The overall goals for this project were:  
I. Generate an identification key based on morphological characters to Australian 
species of Platypodinae,  
II. Consolidate and analyse taxonomic, biogeographic, and host tree association data. 
Specifically, collection records of specimens, host tree lists, and distribution maps 
were synthesised, 
III. Provide Cytochrome Oxidase I (COI) mtDNA barcodes, along with other DNA 
markers, for molecular identification purposes and phylogenetic analyses.  
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In compliance with the above rationale, the goals of this study have been based on currently 
defined species and taxonomic hierarchies (Pullen et al. 2014). This project is expected to 
have positive outcomes for biosecurity, forestry, and natural resource management. 
Furthermore, data from this research will assist in resolving the many taxonomic and 
systematic issues present within Platypodinae (Jordal et al. 2014; Kuschel et al. 2000), as well 
as to investigate the evolutionary history of the oldest extant insect lineage to have evolved 
fungal symbiotic relationships. 
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Chapter 2: Host tree associations, distribution, and identification key of Australian 
Platypodinae 
 
Abstract 
 
Pinhole borers (Coleoptera: Curculionidae, Platypodinae) are a group of ecologically and 
economically important beetle species. However, despite the economic significance in 
forestry and timber industries, their ecological associations with host tree species and their 
biogeography have been largely undocumented in Australia. Furthermore, the identification 
of these species is reliant on expert taxonomists and researchers, and no electronic and 
comprehensive identification keys exist for this group for any region in the world. As such, 
the host tree associations, biogeographic distribution, and morphological characteristics of 
Australian Pinhole borers were investigated. A variety of sources were accessed, including 
journal articles, monographs, catalogues, taxonomic inventories, pinned specimens and 
online databases. An electronic LUCID identification key for 37 Australiasian species was 
generated. Results of this study highlight the great variation in host trees utilised by pinhole 
borers, as well as the need for further sampling west of the Great Dividing Range where 
beetles of this family, mostly found in mesic environments, may be rarer but still occur. 
Lastly, the identification key produced in this study should be highly useful, in conjunction 
with the host-tree and biogeographic information, not only for future research but also for 
forestry and biosecurity researchers and managers in helping to understand and identify 
these cryptic beetles. 
 
2.1 Introduction 
 
Pinhole borers (Curculionidae: Platypodinae) have wide-ranging ecological and economic 
impacts on forest ecosystems and natural resources. Despite this, the group has been poorly 
studied. Aside from early initial species descriptions (the majority of which were conducted 
more than four decades ago), few syntheses have been conducted on Australian species. 
Notable exceptions include the PhD theses of Candy (1990) and Kent (2001), which focussed 
on Platypus subgranosus and Austroplatypus incompertus respectively, due to forestry 
concerns caused by these species. Likewise, few independent studies focussing on specific 
aspects of species biology or host distribution (Kent 2008a; Kent 2010) and inventories 
Platypodinae exist except for studies with a broader focus, such as for Australian weevils 
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(Pullen et al. 2014). The inconspicuous life history of the pinhole borers may be a primary 
driving force for the disparity of knowledge about this group (Jordal 2014a). Little 
information exists, including records of host tree association and distribution, and is 
scattered across several grey literature sources such as forestry reports (Neumann & Harris 
1974), catalogues (Wood & Bright 1992b; Pullen et al. 2014)), and various databases for 
Australian species (such as the APPD and ALA). 
 
Records compiled in Wood & Bright’s catalogue of Scolytidae and Platypodidae (Wood & 
Bright 1992a; Wood & Bright 1992b) suggest that species which colonise deadwood are 
generalists (Wood & Bright 1992b). Conversely, Australian species that attack living trees 
appear to be eucalypt specialists (Myrtaceae: Corymbia, Eucalyptus), with the exception of 
Platypus subgranosus (Elliott et al. 1987). Much of the information regarding host tree 
associations in these catalogues is based on only a handful of studies or in initial taxonomic 
descriptions (Candy 1990; Kent 2008). Many of these catalogues are dated, and few recent 
studies (principally unpublished, but also see Kent 2008 as an example) has expanded the list 
of known host tree associations (Kent 2008a). A more thorough and updated host tree 
association list of Australian pinhole borers is yet to be published. 
 
Fourty six species of pinhole borer are recognised in Australia (Pullen et al. 2014), most of 
which are found in mesic environments  across the east coast (Byrne et al. 2011), with a 
range extending from far-north Queensland to Tasmania (personal observations from 
collection specimens; Kent 2008). Comprehensive distribution data and maps are only 
available for two Australian species, A. incompertus and P. subgranosus.  
 
The morphology of Platypodinae appears highly conserved across taxa; the body is narrow 
and elongate, cylindrical in shape and sparsely covered in setae, with some species 
possessing mygancia on the pronotal disc in either one or both sexes (Jordal 2014a). Species 
are sexually dimorphic, with females often being the larger of the two sexes. Additionally, 
males usually possess unique and highly modified armature on their elytral declivity; which 
is highly informative for taxonomic identification. These elytral features have been described 
in detail in taxonomic descriptions, and regularly form the primary basis of species 
identification. Females lack these modifications (except for A. Incompertus (Kent, 2010) and 
N. elongatus (pers observation). The antennal scape and setae on the head of some genera 
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are diagnostic, such as for Notoplatypus and Crossotarsus. Additionally, tubercles and/or 
spines on the 3rd, 4th, or 5th ventrites can also be diagnostic (L. Kirkendall, pers comms). 
 
Primary taxonomic descriptions, historically, focus the dorsal habitus of species (Jordal 
2014a) and focus largely on secondary sexual characters (but exclude reproductive 
structures). This has led to the sex of several species being incorrectly categorised (Chapuis 
1865b; Motschulsky 1863). Additionally, in many of these initial taxonomic descriptions, 
there is an unequal distribution of effort. Several species descriptions are adequately 
detailed, whereas other species accounts are sparse, such as the original description of 
Dinoplatypus forficula Chapuis (1865), which includes two sentences describing the dorsal 
habitus of a female specimen. To further complicate things, the majority of species are not 
referred to in publications beyond their original description (such as in keys, phylogenetic 
analyses, or ecological research), and are therefore poorly known beyond expert 
taxonomists and forest entomologists.  
 
In light of the lack of recent synthesis studies of Australian Platypodinae, the goal of this 
study was to review and consolidate all available information relating to their host tree 
association and biogeographical distributions. This will provide an important starting point 
for future research, including the recognition of any future biosecurity risks that species may 
pose. Additionally a morphological identification key for all Australian species was made, 
based on previous publications and pinned specimens that accessed from insect collections 
in Australia and New Zealand.  
 
2.2 Methods 
 
2.2.1 Specimen acquisition 
 
Fourty six pinhole borer species have recently been listed in a catalogue of Australian weevils 
(Pullen et al. 2014; Appendix 1), and it is these species that were reviewed in this study. 
Specimens were sourced from various institutes, including the NSW DPI ASCU, ANIC, QDPIC, 
the Australian Museum, and the Auckland Museum. Specimens borrowed from collections 
have were identified either by collection staff or Platypodine researchers (notably Deborah 
Kent). To reduce taxonomic uncertainty individuals identified by collection staff were verified 
using primary taxonomic literature or dichotomous keys (where available).  
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2.2.2 Compilation of host tree associations 
 
Information regarding host tree associations of Australian pinhole borers was compiled from 
different sources, including publications in peer-reviewed journals (Candy 1990; Kent 2008a; 
Wood & Bright 1992a), unpublished lists (Kent unpublished data), and from specimen data. 
These data were collated as an occurrence table, listing all 46 species and their respective 
recorded host trees. All species names were assessed for any potential synonymy and 
homonymy, as well as for current taxonomic status (Global Biodiversity Information Facility, 
2017). 
 
2.2.3 Biogeography of pinhole borers 
 
All known collection data, using the same sources listed above, was reviewed to compile the 
geographic distribution of Australian pinhole borers. The sampling location of collection 
specimens caught in Australia was mapped. Records pertaining to specimens intercepted at 
international ports of entry were discarded. The map of C. externedentatus was retained 
regardless that this species has no established Australian populations; the map of its host 
trees was kept to show its potential range should an incursion of this cosmopolitan species 
occur in Australia. Maps were generated using the ALA Sandbox Portal (Atlas of Living 
Australia 2016). Distribution data was compiled from pinned specimen data labels. Default 
settings were used to create the maps. Host tree distributions were also plotted, utilising 
occurrence records retrieved from ALA. These details were noted on the map of Australia 
using a density heat plot, highlighting overall coverage and relative density of tree species 
records. 
 
2.2.4 Identification key development 
 
The identification key was constructed using LUCID 3.5, with all feature and identity states 
stored in a polyclave matrix framework. The use of a polyclave paradigm allows users to 
select numerous character states for a specimen of interest, ensuring that characters 
selected can be used in concert with one another for species-level descriptions. This 
overcomes the requirement of a taxonomic training that is commonly employed for 
identification of morphologically similar species employed in dichotomous keys. As such, 
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easily identifiable characters from the dorsal, lateral, and frontal habitus of specimens were 
selected. Feature states for the key were identified and selected from commonly used 
characters published in descriptions of species. Table 2.1 lists the features and states used 
to identify species, and Table 2.2 lists the definitions of the terms used in the key. 
 
Up to five individuals of each sex per species were assessed to construct the key (Appendix 
5). Males and females were coded into the key separately due to the sexual dimorphism of 
pinhole borers. Several species identifications were based on fewer individuals due to the 
scarcity of available specimens. Body length was quantified by measuring the length between 
the vertex of the head to the apex of the elytra. Up to five individuals (where possible) were 
measured to incorporate any possible variation and remove error in measurement. All 
specimens used were measured using a Leica EZ4W microscope and Leica AirLab software, 
and one representative of each sex per species was digitally photographed (using the Leica 
systems above). Eight standard view photographs were taken, consisting of i) dorsal habitus, 
ii) dorsal elytra, iii) head frontal, iv) head lateral, v) lateral habitus, vi) posterior ¾ view, vii) 
pronotum, viii) thorax lateral. To ensure that all features were in focus, roughly five focus 
photographs were taken for photograph stacking. Smaller species had several of these views 
combined due to size constraints. All photographs were focus stacked ensuring the entire 
body remained in focus, and photographs were stacked through Zerene Stacker v1.04, and 
then edited Clip Studio Paint v1.4 
 
2.3 Results 
 
2.3.1 Specimen availabilities 
 
Most Australian species are represented by specimens within Australian and New Zealand 
collections. However, accessible specimens were not available for nine species, including; 
Crossotarsus indomitus, Dinoplatypus lepidus, D. luniger, Platypus dentipennis (material is 
stored at the TFIC, but were not accessible for this study), P. gerstaeckeri, P. hybridus, P. 
lineellus, P. quadrincinctus, P. tasmanicus, and P. transversecarintus. 
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2.3.2 Host tree associations 
 
Trees in the Malvaceae family are the most common host of pinhole borers in Australia 
(n=19), with Fabaceae (n=15) and Anacardiaceae (n=14) also being commonly attacked. 
Beyond these, Myrtaceae is as common a host tree family (n=13) as other host tree families 
despite Eucalyptus being the most commonly attacked tree genus (n=42). Shorea (n=36) is 
also commonly attacked, followed by Araucaria (n=13) (Appendix 2). 
 
The few pinhole borers that attack living trees, A. incompertus, N. elongatus, and P. 
tuberculosus, selectively target species of Myrtaceae. Platypus subgranosus is an exception, 
which was found to attack nine different tree species across six different plant families.  
 
It should be noted that for some species no host trees have been recorded in the accessed 
sources. These species include Crossotarsus indomitus, C. lacaordarirei, Platypus hastulifer, 
P. lineellus, P. pilidens, P. quadrincintus, P. tasmanicus, P. transversecarinatus. 
 
2.3.3 Biogeography of Australian pinhole borers 
 
Out of the 46 species reported to occur in Australia (Pullen et al. 2014; Appendix 1), only 25 
were confirmed to have established populations. The biogeography of Australian pinhole 
borers are outlined in Appendix 3 and results are summarised in Appendix 4. Only two (P. 
denitpennis and P. tasmanicus) of the inaccessible species (in 2.3.1) possessed electronic 
biogeographic data, which consisted of a single data point. Several species were also 
represented, biogeographically, by one locality or collection event, including; C. 
externedentatus, P. hastulifer, P. norfolkensis (endemic to Norfolk Island), P. scalaris, and T. 
solidus. 
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Table 2.1. Features and states used in the species identification key. †Indicates genus or species-
specific character 
Features   States 
Body length   mm (two decimal points) 
Head Frons Pubescence Densely covered 
Sparse 
  Punctures Dense 
Sparse 
  Median verticle groove Absent 
Present 
  Declivity Vertical 
Declivitous 
Concaved 
  Miscellaneous Features† Maxillary appendages present 
Enlargened antennal scape 
Deeply impressed antennal scape 
 Vertex Punctures Dense 
Sparse 
   Vertexal sulcus Absent 
Present 
Pronotum Median sulcus  >1/3 of pronotum 
<1/3 of pronotum 
Absent 
Bifurcation present 
 Mycangia Presence Absent 
Present 
  Position on Pronotum Proximal third 
Median third 
Distal third 
  Shape Aligned with the proximal margin 
Aligned with median carinae 
Caudiform 
Reniform 
  Miscellaneous Features† Mycangial bar present 
 Shape  Constricted 
Quadrilateral 
 Punctures  Dense 
Sparse 
Elytra Striae Position Uniseriate rows 
Sparse 
  Impression Depth Weakly impressed 
Impressed 
 Apical setae Presence Absent 
Present 
  Features Declivital setae dense 
Declivital setae sparse 
  Length Short 
Long 
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 Apical spines Presence Absent 
Present 
  Number (on one elytron)  
 Elytral declivity  Rounded 
Truncate 
Furrows and ridges 
Attenuated 
 Elytral tubercles  Absent 
Present 
 Miscellaneous 
features† 
 Declivital border a continuous ridge 
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Table 2.2. Glossary of features and their corresponding definitions used in the identification key. 
References refer to 1: (Zombori & Steinmann 1999), 2: (Headrick & Gordh 2011), 3: (Lyal n.d.), 4: (Vega 
et al. 2015), 5: (Morimoto & Kojima 2003). 
Feature Definition 
Antennal fossa An impression on the frons in which the antennal scape is 
connected, found in Notoplatypus elongatus2 
Apical setae The setae at the distalmost section of the elytra, commonly found 
on the declivity2  
Apical spines Spines, armature, or projections found on the apex of the elytra2 
Attenuated Drawn out or slender2 
Caudate With a tail-like extension; heart-shaped2 
Constricted Drawn in; gathered; narrowed medially2 
Declivity Sloping downward surface2 
Elytra Forewings of Platypodinae modified to be leathery or chitinous, 
not used in active flight, and are used to cover and protect the 
hindwings2 
Elytral declivity The posterior part of the elytra that slopes ventrad3 
Elytral tubercles Small, rounded protuberances found on the apical third of the 
elytra2, 4 
Flat Refers to the position of the scutellum in reference to the elytra; 
no depth, on the same plan as the elytra2, 4 
Frons The upper anterior portion of the head capsule, between 
epicranium and clypeus2 
Furrows and ridges Deeply marked grooves4 
Median verticle groove The sulcus running through the frons and clypeus2 
Modified scape Refers to the modified scape found in Crossotarsus mniszechi 
Impression depth Refers to the depth of strial impressions found on the elytra; with 
weakly impressed striae appearing faint on the surface, and 
deeply impressed appearing black2  
Keeled declivity Refers to the elevated ridge found on the elytral declivity of 
Dinoplatypus species 
Mandible Anterior-most pair of oral appendages on insect head2 
Maxillary appendages Refers to the large deciduous appendages attached to the maxilla 
on female Diapus species2 
Mycangia An invagination of the integument lined with glands or secretory 
cells that are specialised for the acquisition and transport of fungi. 
Commonly found on the pronotum of platypodines5 
Mycangial bar A mycangial invagination that is elongated and runs parallel to the 
proximal margin of the pronotum; only found in Diapus species 
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Pronotum The dorsal sclerite of the prothorax2 
Proximal margin Refers to the margin of the pronotum furthest away from the 
head1 
Pubescence Short, fine, soft, erect serae2 
Punctures A small impression on outer parts of insect, like that made by a 
needle 2 
Quadrilateral Four sided, not constricted (for pronotal shape)2 
Reniform Bean shaped; descriptive of structure shaped as a mammalian 
kidney2 
Striae A longitudinal, depressed line or furrow, frequently punctured, 
extending from base to apex of Elytra2 
Sulcus Impressed groove, usually black, found on the frons or vertex2 
Truncate Structures which end abruptly2 
Uniseriate rows Descriptive of structure with one row of serrations along a 
margin2 
Vertex Posterior part of the head, extending from the occiput to the level 
of the antennal insertions3 
Vertexal sulcus The sulcus running longitudinally across the vertex2 
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2.3.4 Identification key of Australian pinhole borers 
 
A large amount of morphological variation was captured within the key. The variation in 
character states was normally distributed, with most entities possessing 19-character state 
differences when compared with others (Figure 2.1). Body length was the most powerful 
character for delimitation, followed by the morphology of the elytral declivity. The only 
species pair for which discrimination remained unresolved within the key were Dinoplatypus 
pallidus and Dinoplatypus pseudocupulatus. The fewest differences between entities in the 
key were three differences between Dinoplatypus cupulatus male and Dinoplatypus forficula 
male, D. pallidus male and D. pseudocupulatus male, Euplatypus parallelus female and 
Platypus subgranosus female, and Platypus queenslandi female and P. queenslandi male. 
 
Due to a paucity of available specimens in Australian and New Zealand collections the 
following specimens were not coded into the key: Baiocis pernanulus (female), Crossotarsus 
indomitus (male and female), Dinoplatypus lepidus (male and female), Dinoplatypus luniger 
(male and female), Platypus gerstaeckeri (male and female), Platypus hybridus (male and 
female), Platypus lineellus (male and female), Platypus pillidens (male and female), Platypus 
quadrincinctus (male and female), Platypus tasmanicus (male and female), Platypus 
transverscarinatus (male and female), and Platypus tuberculosus (female). 
 
In total, 2960 photographs were taken of specimens, which incorporated 37 species, up to 
two sexes per species, and 8 standard views (Diapus species only had 5 standard views), and 
5 focus stack photographs per view. All photographs were successfully focus stacked, and 
incorporated into the identification key (an example of these photographs is given in Figure 
2.2). Due to technical difficulties, Austroplatypus incompertus female and Crossotarsus 
armipennis male could not be photographed for the key. 
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Figure 2.1. The distribution of character state differences across entities within the identification key. 
Figure produced by LUCID,  the x-axis highlighting the differentiating characters across entities, with 
the y-axis representing entities within the key that can be identified by using these characters. 
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Table 2.3. Most commonly used Australian plantation timber species attacked by pinhole borers, listed 
by (RIC Good Wood Guide 1998). Associations between Pinhole borers and trees are listed in Appendix 
2.  
Host tree species Pinhole borer species 
Araucaria cunninghamii Crossotarsus nitescens 
Diapus pusillimus 
Euplatypus parallelus 
Platypus jansoni 
Platypus omnivorus 
Platypus queenslandi 
Platypus semigranosus 
Platypus subgranosus 
Treptoplatypus crenatus 
Corymbia maculata Crossotarsus armipennis 
Euplatypus parallelus 
Platypus subgranosus 
Eucalyptus agglomerata Austroplatypus incompertus 
Notoplatypus elongatus 
Eucalyptus andrewsii Austroplatypus incompertus 
Eucalyptus camaldulensis Notoplatypus elongatus 
Eucalyptus delegatensis Austroplatypus incompertus 
Eucalyptus globulus Austroplatypus incompertus 
Eucalyptus grandis Diapus quinquespinatus 
Platypus omnivorus 
Platypus subgranosus 
Eucalyptus laevopinea Austroplatypus incompertus 
Eucalyptus marginata Notoplatypus elongatus 
Eucalyptus microcorys Notoplatypus elongatus 
Eucalyptus obliqua Austroplatypus incompertus 
Platypus tuberculosus 
Eucalyptus pilularis Austroplatypus incompertus 
Notoplatypus elongatus 
Eucalyptus saligna Platypus omnivorus 
Platypus queenslandi 
Platypus semigranosus 
Flindersia brayleyana Platypus omnivorus 
Treptoplatypus crenatus 
Grevillea robusta Diapus pusillimus 
Pinus radiata Platypus semigranosus 
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2.4 Discussion 
 
2.4.1 Specimen accessions in Natural History Collections 
 
Of the 46 species listed to occur in Australia (Pullen et al. 2014), 37 species were investigated 
(~80%), while nine species were not available for this study. Almost 40% of the taxa recorded 
for Australia have previously not received any scientific attention beyond their original 
descriptions (Appendix 1). The cryptic lifestyle of the pinhole borers may be a primary driving 
force for the disparity of knowledge within this group (Jordal 2014a). However, a lack of 
specialist expertise also limits our knowledge of pinhole borers. There is a large amount of 
unsorted material kept in collections (personal observation), and due to limited specialist 
taxonomic knowledge, the amount of this material will only grow larger. 
 
Significant research efforts have been conducted on species that pose threats to natural 
resources or have interesting life histories. Austroplatypus incompertus has been the focus 
of two PhD theses in the past two decades (Kent 2001; Smith 2013) which focussed on basic 
biology and life history details and utilised genetics to resolve details of its eusocial system. 
Similarly, the biology of P. subgranosus has been described in great detail, due to the 
symbiosis with a fungal pathogen, Chalara australis, and their combined effect on host 
Nothofagus cunninghamii trees (Candy 1990; Kile & Hall 1988). Some cosmopolitan species 
have also been the focus of research efforts due to the major threat they pose to forestry 
resources, such as Megaplatypus mutatus (Alfaro et al. 2007; Zanuncio et al. 2010), 
Euplatypus parallelus (Beaver 2013; Bumrungsri et al. 2008; Silva et al. 2013), and 
Crossotarsus externedentaus (Sittichaya & Beaver 2009).  Additionally, there is an 
overrepresentation of a handful of species in insect collections, which include, N. elongatus 
(as it attacks living trees), P. omnivorus (a deadwood decomposer) as well as the 
aforementioned species which impact forestry (personal observation). Only a small 
proportion of pinhole borers attack living trees (13 out of 1400 species), and this ecological 
trait is rare in this group. Most species of pinhole borer decompose dead wood biomass, and 
it is this diversity of species occurring in dead wood which has been shunned in biological 
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research.  The accumulation of unsorted material, the focus on species which attack living 
trees, and, unfortunately, the inconspicuous life history of pinhole borers is worsening the 
taxonomic impediment affecting this group (Wheeler et al. 2004). Without appropriate 
taxonomic action, these species may disappear into oblivion, and the unique evolutionary 
history of the oldest fungal farmers will go unnoticed.  
2.4.2 Pinhole borer and host tree biogeography 
 
From the collected biogeographical data, it can be concluded that there are 25 species of 
pinhole borer with established populations (defined as individuals found in Australia and not 
intercepted at a border). This number is much lower than the proposed 46 listed in Pullen et 
Figure 2.2. The dorsal habitus (a), frons (b) and lateral habitus (c) of Crossotarsus mniszechi 
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al. (2014), which might incorporate specimens that were intercepted in Australia but may 
not have established populations in Australia. Further specimen collection efforts will be 
needed to reconcile the differences in these estimates.  
 
Results from this study highlighted interesting ranges of pinhole borer species and their 
respective host trees. As suggested from previous studies (Kent 2008) pinhole borers follow 
an eastern distribution along the Australian coast, from far north Queensland to southern 
Tasmania. A large majority of species are found east of the Great Dividing Range, however, 
several species, including N. elongatus, P. froggatti, and T. crenatus, have been found further 
inland, west of the Great Dividing Range. Genera of pinhole borers do not seem to be 
restricted biogeographically, with species well distributed following the coastline of eastern 
Australia. Austroplatypus (a monotypic genus) ranges from northern New South Wales to 
central Victoria. Baiocis appears to have a wide distribution, spanning from North 
Queensland to central New South Wales. Crossotarsus spans from far north Queensland to 
southern New South Wales, with species forming distinct clusters within the range. Diapus 
and Dinoplatypus seem restricted to Queensland, with species spanning from far north 
Queensland to the southern border. Euplatypus is also only found in Queensland. Similarly 
to Crossotarsus, species of Platypus span eastern Australia, from far north Queensland to 
southern Tasmania. The range of Treptoplatypus covers North Queensland to the southern 
border of New South Wales. Notoplatypus (another monotypic genus) has the most 
extensive range of all Australian pinhole borer species, spanning from far north Queensland 
to southern Victoria. 
 
The cosmopolitan exotic pinhole borer C. externedentasus has no recorded established 
populations in Australia (Jordal 2014a). This species has a large potential range within 
Australia, spanning most of the eastern coastline, and much of the Northern Territory 
coastline. Given its global distribution and reported host trees (Appendix 2) within Australia, 
C. externedentatus has the potential to cause great harm to natural forest resources, much 
like the damage it causes to rubber plantations in Asia (Kubono & Ito 2002; Sittichaya & 
Beaver 2009). Another cosmopolitan species, E. parallelus, does have established 
populations in Australia, with one population detected in eastern Brisbane, and another in 
Camp Creek, North Queensland. This species is polyphagous, with no preference for specific 
host trees (Beaver 2013; Silva et al. 2013), and will attack large logs, trunks of recently 
dead/dying trees, and small stems of trees (~10cm diameter) (Beaver 2013). Moreover, in 
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Asia, this species is known to be symbiotically associated with the wilt fungus Fusarium 
oxysporum, which can be highly pathogenic in stressed trees. Originally endemic to South 
America, it was first found in Sri Lanka in 1975 (Krombein 1981), and has since expanded 
throughout Asia, attacking rubber plantations. It is currently unknown how this species came 
to Australia, whether it was introduced through international trade, or whether they have a 
natural distribution in Australia. The first specimen record of this species is dated to 1968, 
located in Kilcoy, an inland town 1 hour from Brisbane, in southern Queensland. This might 
suggest that this individual came to Australia via international trade and then expanded its 
range. The true extent of the range for this species is yet to be determined and should be 
investigated (along with how the populations were established) to safeguard natural 
resources and mitigate any future incursions. 
 
An Australian native species, P. subgranosus, was found to have a large biogeographic range, 
extending from southern Queensland, through New South Wales, and into Tasmania. This 
species is a known tree pest of N. cunninghamii in Tasmania and attacks standing trees that 
are already infected by Chalaris australis (Candy 1990; Elliott et al. 1987; Kile & Hall 1988). 
This is the only known Australian pinhole borer to be associated with a fungal pathogen, 
however, all recorded incidences of the disease have been recorded in Tasmania. With 
individuals found in the lower slopes of the Blue Mountains, New South Wales, and in Mt. 
Glorious, Queensland, and a generalist polyphagous preference for host trees, many other 
weakened trees could be at risk of being attacked by P. subgranosus. While P. subgranosus 
has been recorded to attack many various tree species, the condition of its hosts are 
unknown. In the case of N. cunninghamii the tree is stressed by fungal attack, however, there 
is no suggestion whether this is needed for P. subgranosus attack, or whether it attacks the 
dead wood of other tree species.  
 
Austroplatypus incompertus and N. elongatus are two relatively well-known species for their 
preference in attacking living trees and are eucalypt (Myrtacaea: Eucalyptus, Corymbia) 
specialists. While the natural history of N. elongatus is not well understood, A. incompertus 
is well studied, as it is the only eusocial beetle. Platypus tuberculosus, a southeastern 
distributed species (Appendices 3 & 4), is also a living tree (Kent 2001) and eucalypt specialist 
(Appendix 2). It is thought that this is another species that could be potentially eusocial 
(Kirkendall et al. 1997) and should be a focal species in understanding the evolution of 
eusociality in Platypodine beetles. This species, unlike A. incompertus and N. elongatus, is 
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not taxonomically unique (A. incompertus and N. elongatus are the only species within their 
respective genera, and are basal lineages in their respective tribes), and as such, 
understanding the natural history and biology of P. tuberculosus will yield interesting insights 
into the evolution of eucalypt speciality and (potential) eusociality (Jordal 2015). 
 
Data regarding the true range of pinhole borers across Australia is currently limited. From 
the literature, and occurrence records collected in this study, species follow a coastal 
distribution from far north Queensland to southern Tasmania. Limiting factors of their 
biogeography are unknown, as most species are polyphagous and colonise deadwood, so 
host tree species may not limit their distribution (with the exception of A. incompertus, N. 
elongatus, and P. tuberculosus). It has been suggested that their fungal symbionts have 
climatic growth preferences: Raffaela is suited to moist environments, while Ambrosiella is 
preferentially grown in drier environments (Hulcr & Stelinski 2017). However, it is unknown 
how restrictive fungal cultivation is for pinhole borer distribution. Further investigations into 
fungal symbioses of the group will likely reveal the unique ecological strategies of pinhole 
borers and the demographic ranges of these species. All that is currently known about 
distributions is based on limited collection records for specimens, but not of their true range. 
Further sampling of mesic forest and other forested ecosystems, coupled with 
comprehensive climate data analyses, will provide a better estimate of the potential range 
of these species. As many species have been found in mesic forest ecosystems (Byrne et al. 
2011), sampling in Western Australia’s mesic forests may yield unique and interesting 
species. As this area has not been sampled for pinhole borers, there may be an unknown 
diversity awaiting discovery.  
 
Several commercially important tree species are known to be attacked by pinhole borers 
(Table 2.3). Eucalypts are the most commonly attacked trees, as well as Flindersia 
brayleyana, Grevillea robusta, and Pinus radiata.  Austroplatypus incompertus and N. 
elongatus are the most common pest species of plantation timber, and P. semigranosus and 
P. subgranosus also commonly attack plantation species. Of the pinhole borer species listed, 
A. incompertus, E. parallelus, P. subgranosus, and N. elongatus are of primary concern due 
to their preference for living and/or weakened trees. No infestations of A. incompertus, E. 
parallelus, and N. elongatus have been recorded in forestry plantations, but this does not 
preclude the potential propensity for these species to attack plantation trees. Even though 
no infestations have been recorded for P. subgranosus in the listed plantation trees, this 
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species is a major pest of N. cunninghamii, as it transmits and cultivates pathogenic fungi. 
Platypus subgranosus is polyphagous and has the capacity to attack plantation trees. 
Understanding the potential of these species to infest commercially important trees will 
assist in the safeguarding and management of future incursions.  
 
Three host trees species are listed under the Environment Protection and Biodiversity Act 
(Australian Government Department of the Environment and Energy 2016) that are also 
known to be hosts of pinhole Borers. Chrysophyllum roxburghii (near threatened) is a host 
to Dinoplatypus forficula and Dinoplatypus pseudocupulatus. Intsia bijuga (critically 
endangered) is a host to Platypus jansoni and Diapus pusillimus. Lastly, Schoutenia ovata 
(endangered) is a host to D. forficula. While these species live in and decompose dead wood, 
they may still pose a threat to these endangered species. It is common for species who are 
deadwood generalists to attack stressed and/or dying trees, as stress semiochemicals that 
attract beetles are associated with deadwood (Hulcr & Dunn 2011). Protection of stressed 
individuals from these pinhole borers, along with other generalist species which attack living 
trees (i.e. C. externedentatus, E. parallelus, and P. subgranosus) will greatly assist in the 
overall conservation of threatened and endangered trees.  
 
2.4.3 Identification key of Australian pinhole borers 
 
The identification key produced in this study is powerful enough to discriminate between 
most species (aside from D. pallidus and D. pseudocupulatus) and the sexual dimorphism 
present in Australian pinhole borers. Two of the most powerful characters used in this key 
to distinguish between species was body length and the morphology of the elytral declivity. 
These two characters have been commonly used for pinhole borer identification, with much 
of the classical literature putting the emphasis on species identification on these characters  
(Chapuis 1865b; Motschulsky 1863; Lea 1904; Beeson 1937). While these characters are 
easily quantifiable in these species, much of the diversity in elytral declivity morphology is 
found across male pinhole borers; females of these species usually possess a “rounded” 
declivity. Interestingly, pronotal mycangial presence and morphology were not considered a 
powerful character within the key. Some genera lack mycangia on their pronotum (including 
Crossotarsus, Baiocis, and Notoplatypus), but there is great variation in mycangial 
morphology in species that have mycangia. In Platypus, pronotal mycangia are found on 
most females, and some males, similarly in Dinoplatypus and Treptoplatypus. Mycangial bars 
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are found in all Diapus species, regardless of sex (personal observation). The presence and 
variation of mycangia can be indicative of species and sex, however, it is not as powerful as 
other character states used in this key.  
 
As mentioned previously, not all species (listed in Pullen et al. 2014) and sexes were available 
to be used in this key. However, as found in the biogeographical analysis, 25 species were 
found to have established populations within Australia. Of these 25 species, B. pernanulus 
female, P. dentipennis female, and P. tasmanicus male and female were not coded into the 
identification key. As female P. dentipennis individuals have never been found (or identified 
and described) (Beaver & Sanguansub 2015), this key is a good starting point for the 
identification of Australian pinhole borers, and further taxonomic studies can follow from 
this. Additionally, due to the electronic format of this identification key, the incorporation of 
additional species entities into the published key is straightforward and easy, as opposed to 
updating published dichotomous keys. Should additional species be found or identified 
within Australia, this key will be a highly useful resource for identification and research, and 
for future species cataloguing. 
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Chapter 3: DNA barcoding and molecular systematics of Australian Platypodinae 
 
Abstract 
 
DNA barcoding is a powerful tool used in the identification and delimitation of species. The 
acquisition of DNA barcode data does not require advanced taxonomic knowledge of the 
species of interest. Instead this analysis can provide a preliminary genetic characterisation 
and phylogenetic placement of species. It prevails over traditional morphological based 
identifications for the connection of life stages and sexes of species. Pinhole borers 
(Coleoptera: Curculionidae, Platypodinae) are a cryptic group of weevils that are 
morphologically similar in larval, pupal, and adult stages, with sexually dimorphic adults. As 
such, DNA barcoding is an ideal strategy for the identification of species that are often 
detected in larval stages in timber or deadwood. DNA barcode sequence information 
currently exists for 250,000 animal species. However, only 52 pinhole borer species, of which 
13 occur in Australia, have been barcoded thus far. This study examines the diversity of 
Australian pinhole borers through sequencing the mitochondrial Cytochrome Oxidase Sub-
unit I gene and the nuclear 28S rDNA gene from 98 individuals collected from Queensland, 
Australia. Novel COI barcodes were produced for seven species, alongside novel 28S rDNA 
sequences for six species. In total, 32 COI and 22 28S rDNA sequences were produced for 
Australian pinhole borers, with replicate sequences obtained for most species to account for 
intraspecifc diversity. Three species not previously recorded in Australia were detected in 
this study, and one specimen could not be identified morphologically or by sequence data, 
representing a potential new species. Sequences were consequently incorporated into 
phylogenetic analyses complemented with sequence information available from public 
databases. These analyses were congruent with previous systematics and evolutionary 
investigations, however, the Platypus genus remained unresolved due to its polyphyletic 
status. This highlights the need for further taxonomic work on Platypus specifically, and 
Platypodinae more generally. Finally, results obtained in this study are discussed in a global 
context, and recommendations for future studies are outlined.  
 
3.1 Introduction 
 
DNA barcoding was developed to aid species identification and delimitation. It refers to the 
amplification, sequencing, and characterisation of one or several universal marker genes for 
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the identification of an organism of interest. The generation of molecular data is growing 
globally due to the accessibility of sequencing technologies, and consequently it is 
increasingly being utilised in biodiversity research. Molecular markers are highly useful in 
revealing cryptic species and gene flow within and across populations, connecting sexes and 
life stages of species, and clarifying issues of synonymy and homonymy (Hebert & Gregory 
2005; Hebert et al. 2016; Page 2016). Moreover, DNA barcoding assists in overcoming the 
taxonomic impediment (de Carvalho et al. 2007), as species identification and classification 
can be handled by researchers with general genetic training but without specialist taxonomic 
knowledge (Tautz et al. 2003; Timmermans et al. 2015). DNA barcoding is a promising 
addition to traditional taxonomy (the use of morphological characters to assign an individual 
to a hierarchical rank), as it relies on the use of marker genes that have been agreed upon by 
the research community. It is unlikely to become a replacement in the curatorial and 
systematic process, but rather a complementary component (Tautz et al. 2003; Wiens 2007; 
and Casiraghi et al. 2010). The large fraction of unknown biodiversity still requires alpha 
taxonomic treatments to define morphodiversity boundaries and descriptions for further 
applications (Lukhtanov et al. 2016). The integration of both approaches presents an exciting 
avenue in systematics, with the prevalence of DNA barcoding studies contributing to the 
contemporary taxonomic renaissance (Miller 2007). 
 
Cytochrome Oxidase I (COI), a protein-coding gene in the mitochondrial genome (648bp in 
insects), is commonly utilised for the identification and delimitation of animal species. This 
gene was first proposed as a species-specific DNA barcode for animals by Hebert et al. (2003), 
as mitochondrial DNA (mtDNA) is better suited for animal species identification because it 
lacks introns, undergoes limited recombination, rapidly evolves, is inherited uniparentally 
(Yu et al. 2017) and is haploid. Moreover, there are robust universal COI primers for most 
animal phyla (Folmer et al. 1994; Zhang & Hewitt 1996), and COI also possesses a greater 
range of phylogenetic signal than other mitochondrial genes (Mardulyn & Whitfield 1999; 
Hebert et al. 2003). Third position nucleotides of COI show a high incidence of base 
substitutions, and consequently, the rate of molecular evolution of COI is usually greater 
than that of other mitochondrial genes. Therefore, the rapid evolution of this gene allows 
for the successful delimitation between species, and even populations (Hebert et al. 2003; 
Mutanen et al. 2016; Dafforn et al. 2014; Hajibabaei et al. 2016). To date, roughly 4.6 million 
individuals have been analysed in DNA barcoding studies producing over 250,000 species-
specific barcodes (Hebert et al. 2016).  
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The use of DNA barcodes has revolutionised the study of biodiversity and has greatly assisted 
many fields requiring the identification of species or taxonomic units. This includes the 
identification of cryptic species (Estupiñán et al. 2016), assessment of the diversity and 
quality of ecosystem fragments (Lamarre et al. 2016), prioritisation of areas for conservation 
planning (Nielsen et al. 2016), testing of taxonomic and systematic hypotheses (Lukhtanov 
et al. 2016), inventories of taxon diversity (Pons et al. 2006), identification of the source of 
food and agricultural products in forensic analyses (Willette et al. 2017), study of ecological 
interactions in complex ecosystems (Evans et al. 2016), and biomonitoring for environmental 
and ecological applications (Hajibabaei et al. 2011; Hajibabaei et al. 2016; Geiger et al. 2016).  
 
The use of COI for DNA barcoding holds great promise for taxonomic research, however, 
there are several issues with relying exclusively on mtDNA. Bacterial endosymbiont genomes 
also possess COI genes, and their DNA may be co-, or preferentially, amplified by PCR if 
universal primers are used (Smith et al. 2012). Beyond this, several genera of bacteria, 
including Wolbachia, Rickettsia, and Cardinium (Kozek & Rao 2007; Weinert et al. 2015) are 
particularly problematic in DNA barcoding studies as they are known to cause selective 
sweeps in the mtDNA diversity of species. For example, these bacteria can cause lineage 
disruption through cytoplasmic incompatibility (CI), or other reproductive host 
manipulations, resulting in selective sweeps of specific potentially highly divergent 
mitochondrial haplotypes within host populations. Moreover, CI may cause the fixation of 
one species’ mitochondrial haplotypes within populations of one or more hybridising 
species, and these haplotypes may not be representative or characteristic of other 
populations, or even the entire species (Hurst & Jiggins 2005; Smith et al. 2012). 
Manipulation of host reproduction can also lead to reproductive isolation, increasing the 
speciation rate of parasitized populations. These issues, combined, influence the inheritance 
of mtDNA and intensifies the difficulty of DNA barcoding studies and species delimitation 
(Weinert et al. 2015; Klopfstein et al. 2016; Smith et al. 2012). 
 
Pseudogenes or copies of mtDNA (NUMTs) inserted in the nuclear genome can also cause 
issues in DNA barcoding studies (Richly & Leister 2004; Schizas 2012). They can be non-coding 
copies within the nuclear genome and potentially dispersed across several chromosomes, 
found in telomeric, centromeric, or interspersed positions (Buhay 2009; Richly & Leister 
2004). In some taxa, they have been found to occur in high copy numbers, thought to have 
arisen through multiple independent transfer events from the mitochondrial genome to the 
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nuclear genome (Bensasson et al. 2001; Song et al. 2008). The occurrence and density of 
NUMTs found in metazoan taxa are thought to correlate with genome size; i.e. larger 
genomes possess a higher number of NUMTs (Bensasson et al. 2001; Song et al. 2008). As 
NUMTs are nuclear copies of mtDNA, they can be inadvertently amplified through PCR. 
Universal primers are especially prone to hybridising with NUMTs (Buhay 2009; Song et al. 
2008; Zhang & Hewitt 1996), resulting in the sequencing of non-target DNA. While they may 
be problematic for DNA barcoding studies, they are useful in understanding the molecular 
evolution of the mitochondrion. As these genes are generally non-coding, they are not 
selectively constrained and therefore similar to a nuclear neutral marker (Schizas 2012; 
Zhang & Hewitt 1996). NUMTs can also be informative for taxonomic research and species 
delimitation when analysed appropriately, i.e. as nuclear genetic information. 
 
Pinhole borers are poorly studied from a molecular perspective, with only 52 (of 1,400 (Jordal 
2014a)) species possessing COI sequences (Ratnasingham & Hebert 2007). This represents a 
very small fraction of the total biodiversity, and further efforts must be made to characterise 
these species to aid management and biosecurity efforts to prevent the economic and 
ecological damage they cause (see Chapter 1). Of the known Australian species (Pullen et al. 
2014), 13 have previously been COI barcoded (Jordal et al. 2011). As mentioned previously 
(Chapter 2), Platypodinae species are sexually dimorphic. Female pinhole borers difficult to 
discriminate morphologically, as are larval stages. Therefore, DNA barcodes offer a powerful 
tool that can be utilised for species delimitation and often a first step for molecular 
characterisation and genetic investigations.  
 
Producing a comprehensive compilation of DNA barcodes for Australian Platypodinae 
species will not only allow better characterisation of native species, but also provide a means 
of identification for individuals of potentially invasive species intercepted at international 
ports of entry. Building upon the molecular data already available online (McKenna et al. 
2009; Jordal et al. 2011; Jordal 2015), sequencing of other genes will be important to explore 
the systematics and evolutionary history of this group. Consequently, beyond COI, the D2–
D3 segment of the nuclear large ribosomal subunit (28S rDNA) was also chosen to be 
sequenced due to its phylogenetic signal and amplification success rate (Danforth et al. 
2005). Additionally, an assessment of COI barcode variation of cosmopolitan pinhole borers 
was made to investigate potential cryptic speciation across populations. A recent study 
found evidence for cryptic speciation in the cosmopolitan Scolytinae ambrosia beetle 
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species, Euwallacia fornicatus (Stouthamer et al. 2017). Crossotarsus externedentatus and 
Euplatypus parallelus are two species thought to have been distributed globally through 
international timber trade (see Chapters 1 & 2). Should cryptic speciation be present 
amongst these populations, sequence variation present in the COI region will impede species 
delimitation.  As such, quantifying sequence variation in COI across these populations may 
further highlight the efficacy of published barcodes for species identification and also identify 
potential cryptic speciation in these species. The aim of this study was to establish the COI 
barcode for Australian Platypodinae species not incorporated in previous species, and to 
investigate their phylogenetic placement by including 28S rDNA sequences into phylogenetic 
analyses and to also assess barcode variation in cosmopolitan species.  
 
3.2 Materials and Methods 
 
3.2.1 Specimen collection and identification 
 
Specimens were sourced from the Australian National Insect Collection (ANIC) and the 
Ambrosia Symbiosis laboratory, University of Florida. ANIC specimens were collected by 
Geoff Monteith and colleagues from northern Queensland between 2008 and 2011, using 
Malaise traps, mercury vapour light traps, and pyrethrum fog spraying, and stored in 70% 
ethanol at -20oC. Collected individuals were stored in Eppendorf tubes based on locality. 
Prior to molecular analyses, specimens were sorted based on morphodiversity. Pinhole borer 
morphotypes were then assigned to genera and, if possible, to species. Due to the sexual 
dimorphism of pinhole borers, males and females were placed into separate morphotypes, 
with each sex possessing their own morphotype ID label. The assignments were made using 
the LUCID identification key developed in the previous chapter. Specimens from the 
Ambrosia Symbiosis laboratory were collected in 2006, from Papua New Guinea and South 
East Asia, extracted from log billets, and then stored in 70% ethanol. These specimens had 
previously been identified to species by Jiri Hulcr and colleagues. All individuals used in these 
analyses are outlined in Appendix 6. Once species were sorted by morphospecies, three 
individuals were selected from across the full geographic range of their collection localities 
to maximaise geographic distance and potentially capture barcode variation within 
morphospecies. 
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Table 3.1. Gene regions and primers used to amplify template DNA in this study. S and A in primer 
names refer to Sense and Anti-sense strands 
 
3.2.2 DNA Extraction and amplification 
 
This study included 98 specimens of Platypodinae (Appendix 6). For each specimen, one fore 
and one mid leg were dissected for DNA extraction, and the rest of the body was preserved 
to maintain morphological integrity of the specimens. DNA was extracted using the Gentra 
Puregene Tissue Kit, following a modified protocol of the user manual. Reagent volumes 
were scaled down for an input tissue mass of 0.5-2.0mg. For lysis, 2µl of Proteinase K 
(20mg/ml) was added, and 1µl of glycogen (5mg/ml) was added to assist DNA precipitation 
during the isopropanol precipitation step. The eluted DNA was then dissolved in 50µl AE 
buffer. Preliminary quality checks were made on DNA extracts through Quibit fluormetry and 
Nanodrop, but due to the low yield of DNA obtained from leg extractions, DNA quantification 
and quality checks were not made for subsequent extracts.  
 
The universal primers for COI amplification, LCO1490 and HCO2198 (Folmer et al. 1994), 
were primarily avoided due to their increased likelihood for co-amplifying NUMTs (Buhay 
2009; Song et al. 2008; Zhang & Hewitt 1996) or endosymbionts (Smith et al. 2012). Instead, 
other primers with a demonstrated ability to yield amplicons for pinhole borers were used, 
and these primers amplified regions that contained the LCO/HCO fragment. The LCO/HCO 
set was used as a backup if previous amplifications with other primers did not work. The 
primers used are outlined in Table 3.1. In each primer set, the ‘S’ and ‘A’ refer to Sense and 
Antisense coding strands. Amplifications for COI were made with two different primer 
combinations for each specimen template DNA, yielding two differently sized amplicons. 28S 
rDNA was amplified and sequenced with only one set of primers (S3690 & A4394).  
 
Region Primer 
Name 
Primer sequence Direction Source 
COI 
mtDNA 
S1718 
A2411 
A2237 
LCO1490 
HCO2198 
 
5’-GGAGGATTTGGAAATTGATTAGTTCC-3’ 
5’-GCTAATCATCTAAAAACTTTAATTCCWGTWG-3’  
5’-CCGAATGCTTCTTTTTTACCTCTTTCTTG-3 
5’-GGTCAACAAATCATAAAGATATTGG-3’ 
5’-TAAACTTCAGGGTGACCAAAAAATCA-3’ 
Forward 
Reverse 
Reverse 
Forward 
Reverse 
(Simon et al. 1994) 
 
(Normark et al. 1999) 
(Folmer et al. 1994) 
28S 
rDNA 
S3690 
A4394 
5’-GAGAGTTMAASAGTACGTGAAAC-3’  
5’-TCGGAAGGAACCAGCTACTA-3’  
Forward 
Reverse 
(Dowton & Austin 1998) 
(Whiting et al. 1997)  
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PCR reactions were performed in a 10µl volume, containing 6.4µl of H2O, 2µl of 5x MyTaq 
Red reaction buffer (containing 5mM dNTPs and 15mM MgCl2), 0.2µl of 20Mm of each 
primer (Table 3.1), 0.2µl of MyTaq Red DNA polymerase, and 1µl of template DNA. 
Thermocycling conditions consisted of 3 minutes of initial heating at 94°C, followed by 40 
cycles of denaturing at 94°C for 30 seconds, then primer annealing at 46°C (S1717/x), 40°C 
(LCO/HCO), or 55°C (S3690/A4394) for 60 seconds, extension at 72°C for 60 seconds, and a 
final extension at 72°C for 10 minutes. Amplified products were run on electrophoresis gels 
to assess quality, and amplicons were treated with 0.8µl Exosap (20u/µl Exonuclease I, 1u/µl 
Shrimp Alkaline Phosphatase, and 172.5µl H2O), to dephosphorylate dNTPs and digest 
unused primers (King et al. 2015). Amplicons were bi-directionally sequenced on an Applied 
Biosystems ABI 3500 Genetic Analyser (ThermoFisher) at the Hawkesbury Institute for the 
Environment, or by Macrogen (Seoul, South Korea). Amplifications using the 28S rDNA 
primer set produced multiple bands for some specimens; therefore, amplicons (8µl) were 
loaded on a 1% agarose gel, and amplicons corresponding to ~750bp were excised from the 
gel and cleaned using a Wizard SV Gel and PCR Clean-Up System (Promega). Amplicons were 
then eluted into 20µl of nuclease-free water, assessed for quality, and then sequenced (same 
as above). 
 
3.2.3 Sequence assembly and management 
 
As outlined previously NUMTs present a major obstacle in DNA barcoding initiatives, and 
multiple strategies must be employed to ensure the validity of DNA barcodes. Tests for the 
presence of NUMTs were based on recommendations by Buhay (2009), Song et al. (2008), 
and Zhang & Hewitt (1996). Prior to sequencing, COI bands on electrophoresis gel 
photographs were inspected for “ghost” bands, i.e. faint bands of a variable, but different, 
size to the desired ~600bp amplicon (Bensasson et al. 2001). These bands are indicative of 
non-specific template co-amplification and can lead to further complications in sequencing.  
 
All sequence data were handled in Geneious R10 (http://www.geneious.com, Kearse et al. 
2012). Sequence chromatograms were examined for ambiguities, double peaks, and 
background noise to evaluate whether pseudogenes and NUMTs may have been co-
amplified. All sequences that were composed of more than 30% ambiguous bases were 
discarded. Following this, poor quality bases from the 5’ and 3’ ends of sequence were 
trimmed automatically using the trim end function, with 0.01 error probability. COI 
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sequences were manually inspected for unexpected stop codons, indels, and reading frame 
shifts; this step was not performed for 28S rDNA as it is not a protein-coding gene. Following 
this, all sequences were assessed for heterozygous bases, using the find heterozygotes 
function in Geneious, with peak similarity set to 50%. All tagged bases were manually 
inspected, and sites showing ambiguity due to heterozygosity were labelled using the 
degenerate IUPAC naming convention. 
 
Edited sequences were compared to sequences in GenBank using BLAST (Altschul et al. 1990) 
to validate morphotype and putative species assessment, and to also evaluate for any unique 
sequences (including novel COI barcodes). Novel barcode sequences were identified as 
having a sequence divergence of ≥ 2% (Roux et al. 2016; Rossini et al. 2016). Following the 
quality assessment, forward and reverse sequences were combined using the De Novo 
Assemble feature. Sensitivity was set to the Highest Sensitivity/Slow mode, and sequence 
reads were not trimmed to ensure maximum sequence coverage.  
 
3.2.4 Alignment and phylogenetic analyses 
 
Available sequences from additional taxa (Table 3.2) were incorporated into the 
phylogenetic analyses to include species from underrepresented tribes: Tesserocerini 
(Genyocerus exilis, Tesserocranulus nevermanni, and Notoplatypus elongatus) and 
Schedlariini (Schedlarius mexicanus). The tree was rooted with outgroups consisting of 
Coptonotinae (regularly included within the broad definition of Platypodinae (Jordal 2015)), 
represented by Mecoplemus zeteki and Coptonotus cyclopus, and Scolytinae, represented by 
Scolytus intricatus and Ips acuminatus. Sequences were retrieved from NCBI, derived from 
previous analyses of Platypodinae systematics (Jordal et al. 2011; Jordal 2015).  
 
Phylogenetic analyses were based on three datasets: COI DNA barcodes, 28S rDNA, and  
concatenated alignments of both sequence sets. The first two datasets were aligned by 
MUSCLE, with default settings and 100 iterations. The COI dataset alignment was manually 
edited by eye, removing unaligned bases from both ends. Indel-rich regions were excluded 
from the 28S rDNA dataset with G-block 0.91b (Castresana 2000), using the less stringent 
selection of alignment blocks options. Alignment validity was assessed for these datasets by 
computing the pairwise distance of amino acid translations for COI, and nucleotides for 28S 
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rDNA. All pairwise distances were acceptable and <0.8. Nucleotide alignments of both 
datasets were then concatenated in Geneious v10 (Kearse et al. 2012). 
 
The nucleotide COI and 28S rDNA datasets were analysed (separately) using neighbour 
joining (Saitou & Nei 1987) executed in MEGA 6.0 (Tamura et al. 2013), using the Kimura 2-
parameter model of substitution (Kimura 1980), analysing a total of 342 and 628bp 
nucleotide positions, respectively, as standard in DNA barcoding studies (Hebert et al. 2003; 
Jordal & Kambestad 2014). Phylogenetic trees were tested using bootstrap (1000 replicates) 
and the consensus tree was drawn in MEGA 6.0 (Tamura et al. 2013). Phylogenetic analysis 
of the concatenated alignment was executed using the RAxML 8.2.7 (Stamatakis et al. 2005) 
plugin in Geneious v10 (Kearse et al. 2012). Model selection and partitioning schemes were 
assessed using Partition Finder 2 (Lanfear et al. 2016) using the --raxml command line option 
(Stamatakis 2006). The alignment was partitioned by gene and codon positions (four 
partitions: COI first, second, and third, and 28S rDNA), and the GTR+I+G model of molecular 
evolution was selected by the corrected Akaike Information Criterion (AICc). 1000 replicates 
were used to calculate bootstrap support values, reported as Maximum Likelihood bootstrap 
percentages.  
 
Table 3.2. Additional taxa included in phylogenetic analyses, and accession numbers for their 
sequences sourced from NCBI GenBank (Jordal et al. 2011; Jordal 2015). 
Subfamily Tribe Species COI 28S rDNA 
Scolytinae Scolytini Scolytus intricatus HQ883677 HQ883589 
Scolytinae Ipini Ips acuminatus HQ883661 HQ883572 
Coptonotinae Coptonotini Coptonotus cyclopus HQ883624 - 
Coptonotinae Mecopelmini Mecoplemus zeteki HQ883663 HQ883574 
Platypodinae Schedlariini Schedlarius mexicanus HQ883625 - 
Platypodinae Platypodini Austroplatypus 
incompertus 
HQ883673 AF375298  
Platypodinae Tesserocerini Cenocephalus sp. HQ883682 HQ883593 
Platypodinae Tesserocerini Genyocerus exilis HQ883686 HQ883597 
Platypodinae Tesserocerini Notoplatypus 
elongatus 
HQ883688 HQ883599 
Platypodinae Tesserocerini Periommatus bispinus KR261363 KR261269 
Platypodinae  Tesserocerini Tesserocranulus 
nevermanni 
HQ883690 HQ883601 
 
3.2.5 Barcode variation in cosmopolitan pinhole borers 
 
Two datasets composed of the C. externedentatus and E. parallelus species complexes were 
generated, incorporating COI barcodes of Australasian specimens (from Australia and PNG), 
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generated in this study, and those of specimens of other regions, accessible on NCBI Genbank 
(denoted by KR2613 codes) (Jordal 2015). The C. externedentatus dataset consisted of seven 
sequences generated in this study, Crext 1, 2, 4-6 (Mexico), KR261312 (Tanzania), and 
KR261316 (Madagascar). The Euplatypus dataset consisted of four E. parallelus COI 
sequences, which included one sequence from this study, Eup3a (Papua New Guinea), 
KR261325 (Costa Rica), KR261327 (Brazil), and KR261328 (Cameroon), two E. hintzi 
sequences, KR261326 (Tanzania) and KR261329 (Cameroon), and one E. sp. sequence 
KR261330 (Madagascar). All sequences were aligned by MUSCLE (Edgar 2004) and then by 
eye, with all gap regions removed. Estimates of evolutionary divergence between sequences 
were made using the Kimura 2-paramter substitution model (Kimura 1980). A total of 409 
nucleotide positions were analysed for both datasets. Following this, neighbour joining trees 
were constructed for both datasets, applying the Kimura 2-parameter substitution model 
(Kimura 1980). The phylogenies were tested by Bootstrap, with 1000 replicates. These 
evolutionary analyses were conducted in MEGA 6.0 (Tamura et al. 2013). Pairwise 
synonymous (S) and nonsynonymous (N) substitutional changes in the alignment datasets 
were calculated with the Synonymous Non-synonymous Analysis Program (SNAP) v2.1.1 
(Korber 2000), using the Nei & Gojobori (1986) method, incorporating the statistical model 
of Ota & Nei (1994). 
 
3.3 Results 
 
3.3.1 Sequence recovery and species delimitation 
 
The sorting of the ethanol preserved material from ANIC resulted in the grouping of 10 
morphospecies. COI sequences were successfully amplified from these 10 morphospecies 
(15 individuals), and from 9 species (17 individuals) from the Ambrosia Symbiosis laboratory. 
In total, 32 sequences were successfully generated, of which 29 sequences were obtained in 
both directions. The A2237/S1718 (~550bp) primer pair yielded 11 sequences (10 bi-
directional), the A2411/S1718 (~750bp) primer pair yielded 12 sequences (11 bi-directional), 
and the LCO/HCO (~650bp) primer pair yielded 9 sequences (8 bi-directional). NCBI BLAST 
results are shown in table 3.5; and of these sequences, 7 novel species-specific COI DNA 
barcodes were produced, and a further two barcodes were produced resolved to genus level. 
Moreover, an additional 6 novel species-specific 28S rDNA sequences were produced from 
22 successfully generated sequences. Two specimens, 14.Un.M.1.3 and 64.Un.M.2.1, from 
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ANIC ethanol material could not be identified morphologically, and also could not be 
identified through BLAST as no close matches were found. Moreover, Dinoplatypus and 
Treptoplatypus morphospecies could not be identified (based on morphology) to species 
level. As all species of Treptoplatypus previously recognised in Australia possessed COI 
sequences that were different to the newly isolated Treptoplatypus COI, these 
Treptoplatypus individuals represent a new species occurrence in Australia. Specimen 
5.Dia.M.1.1 was matched to Diapus unispineus (Pairwise ID = 98.8%, E-value = 0) by BLAST. 
This species has not previously been recorded in Australia, and represented a new Australian 
species occurrence. Non-pinhole borer DNA was amplified from one ANIC ethanol specimen, 
with specimen 14.Un.M.1.4 being identified as Liposcelis rufa. 
 
3.3.2 Phylogenetic analyses 
 
COI DNA barcode neighbour joining analysis 
 
The neighbour joining COI barcode phylogeny was poorly resolved at the root; there was a 
polytomous relationship between the outgroups and the core Platypodinae group, and the 
position of Platypodine was unsupported (bs = 42) (Figure 3.3). Scolytinae, Coptonotinae, 
and Schedlariini taxa formed two distinct polytomous clades. Within what is to be considered 
the core Platypodinae group,  Tesserocranulus and Notoplatypus formed an unsupported (bs 
= 14) monophyletic clade basal to all other Tesserocerini and Platypodinae. The Tesserocerini 
tribe was unsupported (bs = 27), and Cenocephalus sp. (commonly considered within 
Tesserocerini) was basal to all Platypodini. Genus level clustering was weak within 
Tesserocerini, with the Diapus genus resolved as polyphyletic (despite strong support, bs = 
84). Overall, there was no support for the Platypodini tribe (bs = 32), however, if 
Cenocephalus sp. is to be disregarded a priori as a Tesserocerine species (at a lower level 
bifurcation), the tribe is supported (bs = 74). Treptoplatypus and Dinoplatypus formed 
distinct monophyletic clades within Platypodini, with no support (bs = 1 and bs = 7, 
respectively). Platypus and Crossotarsus were all found to be polyphyletic within Platypodini, 
however, intraspecific divergence was well supported by these groups. The unknown 
specimen 61.Un.M.1.3 formed a strongly supported (bs = 100) sister group with Crossotarsus 
subpellucidus, and as such, the aforementioned individual can be regarded as this species. 
The identity of the other unkown specimen, 64.Un.M.2.1, was unclear and was resolved in 
an unsupported basal relationship (bs = 28) with Treptoplatypus. 
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Figure 3.1. Neighbour joining tree of Platypodinae from the analysis of 342bp of COI, using the Kimura-
2 parameter substitution model, with bootstrap support given at the nodes. Scale bar represents base 
pair changes per site.
 HQ883673Austroplatypus incompertus 
 Crl2 Crossotarsus locaorairei
 Crl1 Crossotarsus locaorairei
 Crl3 Crossotarsus locaorairei
 Crm1 Crossotasus mniszechi
 Crm2 Crossotasus mniszechi
 Crm3 Crossotasus mniszechi
 Eup3 Euplatypus parallelus
 Crext5 Crossotarsus externedentatus
 Crext4 Crossotarsus externedentatus
 Crext2 Crossotarsus externedentatus
 Crext1 Crossotarsus externedentatus
 Crext6 Crossotarsus externedentatus
 Dinps2 Dinoplatypus pseudocupulatus
 Dinps1 Dinoplatypus pseudocupulatus
 Dinpa1 Dinoplatypus pallidus
 2.Din.M.1.1 Dinoplatypus sp.
 14.Un.M.1.3 Crossotarsus supellucidus
 61.Cr.M.1.4 Crossotarsus supellucidus
 14.Pl.M.2.1 Platypus carbonescens
 64.Un.M.2.1 Platypodini sp.
 31.Tr.F.1.1 Treptoplatypus sp.
 26.Tr.F.1.2 Treptoplatypus sp.
 7.Tr.M.1.1 Treptoplatypus sp.
 15.Pl.M.5.1 Platypus semigranosus
 16.Pl.M.5.1 Platypus semigranosus
 13.Pl.M.4.1 Platypus scalaris
 40.Pl.M.3.1 Platypus hastulifer
 6.Pl.M.3.7 Platypus hastulifer
 HQ883682 Cenocephalus sp. 
 KR261363 Periommatus bispinus
 5.Dia.M.1.1 Diapus unispineus
 HQ883682 Genyocerus exilis 
 Diaq2 Diapus quinquespinatus
 Diaq3 Diapus quinquespinatus
 HQ883690 Tesserocranulus nevermanni
 HQ883688 Notoplatypus elongatus
 HQ883625 Schedlarius mexicanus 
 HQ 883661 Ips acuminatus 
 HQ883663 Mecoplemus zeteki 
 HQ883624 Coptonotus cyclopus 
 HQ883677 Scolytus intricatus 
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28S rDNA neighbour joining analysis 
 
The 28S rDNA analysis largely consisted of a dichotomous tree topology, with the only 
polytomy within the Crossotarsus externedentatus clade (Figure 3.4). The outgroup 
Scolytinae and Coptonotinae were well supported (bs = 94), with Mecoplemus basal to these 
other taxa. However, Cenocephalus was resolved within this outgroup clade. The 
Tesserocerini tribe was not resolved as monophyletic in this analysis; Diapus and Genyocerus 
formed a well supported (bs = 100) monophyletic clade. Notoplatypus (unsupported, bs = 
63) and Tesserocranulus (well supported, bs = 100) were resolved monophyletically within 
Platypodini, with Notoplatypus forming the basal lineage to the tribe. Austroplatypus was 
the basal lineage (bs = 98) to what is considered as the traditional Platypodini. Crossotarsus, 
Dinoplatypus, and Treptoplatypus all formed well supported (bs = 92, 82, 69 respectively) 
monophyletic clades, with Crossotarsus as the basal lineage to all other Platypodini taxa. The 
Platypus genus was resolved polyphlyetically. The unknown specimen, 64.Un.M.2.1 formed 
a supported (bs = 81) sister relationship with Platypus scalaris.  
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Figure 3.2. Neighbour joining tree of Platypodinae from the analysis of 628bp of 28s rDNA , using the 
Kimura-2 parameter substitution model, with bootstrap support given at the nodes. Scale bar 
represents base pair changes per site.  
 26.Tr.F.1.2 Treptoplatypus sp.
 47.Tr.F.1.1 Treptoplatypus sp.
 7.Tr.M.1.1 Treptoplatypus sp.
 14.Pl.M.2.1 Platypus carbonescens 
 6.Pl.M.3.7 Platypus hastulifer
 64.Un.M.2.1 Platypodini sp.
 13.Pl.M.4.1 Platypus scalaris
 Dinps1 Dinoplatyus pseudocupulatus
 Dinps2 Dinoplatypus pseudocupulatus
 Dinpa1 Dinoplatypus pallidus
 9.Din.M.1.1 Dinoplatypus sp.
 2.Din.M.1.1 Dinoplatypus sp.
 Eup3 Euplatypus paralleus
 Crm1 Crossotarsus mniszechi
 61.Cr.M.1.4 Crossotarsus subpellucidus
 Crext1 Crossotarsus externedentatus
 Crext2 Crossotarsus externedentatus
 Crext4 Crossotarsus externedentatus
 Crext5 Crossotarsus externedentatus
 Crext6 Crossotarsus externedentatus
 AF375298 Austroplatypus incompertus
 HQ883601 Tesserocranulus nevermanni
 HQ883599 Notoplatypus elongatus
 Diaq3 Diapus quinquespinatus
 Diaq2 Diapus quinquespinatus
 5.Dia.M.1.1 Diapus unispineus
 HQ883597 Genyocerus exilis
 HQ883574 Mecoplemus zeteki
 HQ883593 Cenocephalus sp.
 HQ883572 Ips acuminatus
 HQ883589 Scolytus intricatus
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Concatenated COI and 28S rDNA Maximum Likelihood analysis 
 
The concatenated Maximum Likelihood analysis was relatively well supported at the tips and 
at the nodes, with no bootstrap support values falling below 50% (Figure 3.5). The outgroup 
Scolytinae and Coptonotinae formed a weakly supported (bs = 68.6) polytomous clade. 
Schedlarius was a weakly supported (bs = 68.6) basal taxon to all other Platypodinae. The 
Tesserocerini taxa and Platypodini clade were resolved in a weakly supported polytomous 
relationship (bs = 52.6) with Notoplatypus sister group of these two tribes. The Tesserocerini 
tribe was not supported in this analysis, as Tesserocranulus, Cenocephalus, Periommatus, 
and Genyocerus and Diapus were in a polytomy with the well supported (bs = 98) Platypodini 
tribe. Diapus species formed a well-supported monophyletic clade with Genyocerus. 
Austroplatypus was sister group of all other Platypodini in a strongly supported relationship 
(bs = 98). The core group of Platypodini was resolved strongly (bs = 94.5) in a polytomous 
relationship. Within Platypodini Dinoplatypus, Crossotarsus, and Treptoplatypus formed 
distinct well supported monophyletic clades. However, Platypus was resolved as 
polyphyletic, with P. carbonescens and P. hastulifer forming a monophyletic clade with 
Treptoplatypus. The unknown specimen 64.Un.M.2.1 formed a weakly supported sister pair 
with P. scalaris, thus ensuring the ambiguity of this specimen.  
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Figure 3.3. Maximum Likelihood analysis of the concatened COI and 28S rDNA data sets. Alignments were partitioned by codon position (four partitions, COI 1st position, 2nd 
position, and 3rd position, and 28S rDNA). Bootstrap support is given on the branches. Tip labels with specimen codes were generated in this study.  
Scale bar represents base pair changes per site.
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3.3.3 Barcode variation in cosmopolitan pinhole borers 
 
Little sequence divergence was found within C. externedentatus, with an overall mean 
diversity of 0.025 across all sequences. The greatest pairwise distance, d=0.054, was found 
between sequences of Crext1-6 (Mexico) and KR261316 (Madagascar) (Table 3.5 and Figure 
3.1), with 19 observed synonymous substitutions, and 2 nonsynonymous changes. Pairwise 
diversity between the sequences of Tanzanian (KR261312) and Madagascan specimens 
(d=0.049, S = 19, N = 0)  exceeded the diversity between Mexican (Crext 1-6) and Tanzanian 
(KR261312) sequences (d=0.041, S = 14, N = 2). 
 
There was larger overall sequence divergence within the Euplatypus dataset, with an overall 
mean diversity of 0.128 (Table 3.6 and Figure 3.1). Diversity between E. parallelus and other 
Euplatypus species, E. hintzi and E. sp., was > 0.147. The range of divergence between E. 
parallelus and E. sp. sequences were smaller (Drange = 0.147-0.152) than that of E. parallelus 
and E. hintzi (Drange = 0.147-0.179). There was measurable variation between sequences of 
Tanzanian (KR261326) and Cameroon (KR261329) E. hintzi specimens (d=0.078, S = 31, N = 
5). Within the E. parallelus complex, there was measurable divergence range across 
sequences (Drange = 0.014 – 0.102), however, there was low overall nonsynonymous 
substitutional change (Nrange = 1-2). The smallest pairwise distance was between sequences 
of Brazillian (KR261327) and Cameroon (KR261328) specimens (d = 0.014, S = 6, N = 1). The 
greatest distance was between Papua New Guinean (Eupa3) and Cameroon (KR261328) 
sequences (d = 0.102, S = 45, N = 1). 
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Table 3.3. Estimates of evolutionary divergence between Crossotarsus externedentatus sequences. 
Sequences of specimens labelled 1-6 (in bold) were obtained in this study whereas sequences with 
GenBank accession numbers are from other studies. Results show there is little sequence divergence 
across cosmopolitan C. externedentatus populations. 
 
C. externe -
Crext 1 
C. externe 
-Crext 2 
C. externe -
Crext 4 
C. externe -
Crext 5 
C. externe – 
Crext 6 
C. externe - 
KR261312 
C. externe - 
KR261316 
Crext 1 0 
      
Crext 2 0 0 
     
Crext 4 0 0 0 
    
Crext 5 0 0 0 0 
   
Crext 6 0 0 0 0 0 
  
C. externe - 
KR261312 
0.041 0.041 0.041 0.041 0.041 0 
 
C. externe - 
KR261316 
0.054 0.054 0.054 0.054 0.054 0.049 0 
 
 
Figure 3.4. Neighbour joining tree of Crossotarsus externedentatus from the analysis of 409bp of COI 
based on Kimura 2-parameter substitution model, with bootstrap support given at the nodes. Scale 
bar represents base pair changes per site.  
 C. externe - Crext1
 C. externe - Crext2 
 C. externe - Crext4 
 C. externe - Crext5 
 C. externe - Crext6 
 C. externe - KR261312 
 C. externe - KR261316 
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Table 3.4. Estimates of evolutionary divergence between Euplatypus sequences. Sequences in bold 
were obtained in this study whereas sequences with GenBank accession numbers are from other 
studies. Results show there is species level sequence divergence across global E. parallelus 
populations. 
 
E. para -
Eup3a 
E. para - 
KR261325 
E. para - 
KR261327 
E. para- 
KR261328 
E. hintzi - 
KR261326 
E. hintzi - 
KR161329 
E. sp. - 
KR261330 
Eup3a 0 
      
E. para - 
KR261325 
0.09 0 
     
E. para - 
KR261327 
0.1 0.063 0 
    
E. para - 
KR261328 
0.102 0.056 0.014 0 
   
E. hintzi - 
KR261326 
0.149 0.16 0.16 0.162 0 
  
E. hintzi – 
KR261329 
0.147 0.157 0.179 0.173 0.078 0 
 
E. sp. - 
KR261330 
0.147 0.16 0.144 0.152 0.144 0.154 0 
 
 
 
Figure 3.5. Neighbour joining tree of Euplatypus from the analysis of 491bp of COI based on Kimura 2-
parameter substitution model, with bootstrap support geven at the nodes. Scale bar represents base 
pair changes per site.
 E. para - Eup3a 
 E. para - KR261325 
 E. para - KR261328 
 E. para - KR261327 
 E. sp. - KR261330 
 E. hintzi - KR261326 
 E. hintzi - KR261329 
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Table 3.5. NCBI BLAST results of sequences obtained in this study. The most closely related sequence is shown in the table, based on % Pairwise ID and E value. 
Species names listed are assigned from molecular identification results. †Treptoplatypus australis is not an accepted species name, despite its listing in NCBI. This 
should be Treptoplatypus crenatus, based on the synonymising of Platypus australis and Treptoplatypus crenatus (Appendix 1).  
Tribe Species 
Designation 
Specimen COI 28S rDNA Comments 
   Organism %Pairwise 
ID 
E Value Organism %Pairwise 
ID 
E Value  
Tesserocerini Diapus 
unispineus  
5.Dia.M.1.1 Diapus 
unispineus 
98.8% 0 Diapus 
pusillimus 
99.8% 0 New species record for 
Australia. New 28S rDNA 
sequence 
Tesserocerini Diapus 
quinquespinatus 
Diaq2 Genyocerus exilis 83.2 2.72e-134 Diapus 
quinquespinatus 
97.7% 0 New COI DNA barcode 
Tesserocerini Diapus 
quinquespinatus 
Diaq3 Genyocerus exilis 83.7% 4.04e151 Diapus 
quinquespinatus 
97.7% 0 New COI DNA barcode 
Platypodini Platypus 
carbonescens 
14.Pl.M.2.1 Platypus 
carbonescens 
99.4% 0 Platypus 
carbonescens 
99.9% 0  
Platypodini Platypus 
hastulifer 
6.Pl.M.3.7 Platypus 
calamus 
84.7% 0 Lorelus sp. 92.7% 7.74e-41 New COI DNA barcode 
Platypodini Platypus 
hastulifer  
40.Pl.M.3.1 Platypus 
calamus 
84.1% 1.77e-180 - - - New COI DNA Barcode. 
28S rDNA sequence was 
not produced in this study 
Platypodini Platypus scalaris  13.Pl.M.4.1 Platypus 
semigranosus 
85.5% 0 Platypus sp. 91.4% 7.72e-98 New COI DNA barcode. 
New 28S rDNA sequence 
Platypodini Platypus 
semigranosus 
15.Pl.M.5.1 Platypus 
semigranosus 
99.1% 0 - - - 28S rDNA sequence was 
not produced in this study 
Platypodini Platypus 
semigranosus 
16.Pl.M.5.1 Platypus 
semigranosus 
99.4% 0 - - - 28S rDNA sequence was 
not produced in this study 
Platypodini Dinoplatypus sp.  2.Din.M.1.1.B Dinoplatyus 
pseudocupulatus 
87.2% 0 Dinoplatypus 
pseudocupulatus 
97.9% 0 New COI DNA barcode. 
New 28S rDNA sequence 
Platypodini Dinoplatypus sp.  9.Din.M.1.1 - - - Dinoplatypus 
pseudocupulatus 
98.6% 0 New COI DNA barcode. 
New 28S rDNA Sequence 
Platypodini Dinoplatypus 
pallidus  
Dinpa1 Platypus 
calamus 
86.7% 0 Dinoplatypus 
pseudocupulatus 
98.6% 0 New COI DNA barcode. 
 
Platypodini Dinoplatypus 
pseudocupulatus 
Dinps1 Dinoplatypus 
pseudocupulatus 
94.5% 0 Dinoplatypus 
pseudocupulatus 
99.9% 0  
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Platypodini Dinoplatypus 
pseudocupulatus 
Dinps2 Dinoplatypus 
pseudocupulatus 
94.5% 0 Dinoplatypus 
pseudocupulatus 
99.6% 0  
Platypodini Euplatypus 
parallelus 
Eup3 Euplatypus 
parallelus 
91.8% 0 Euplatypus 
parallelus 
99.4% 0  
Platypodini Treptoplatypus 
sp. 
7.Tr.M.1.1 Treptoplatypus 
australis† 
91.4% 0 Treptoplatypus 99.2% 0 New COI DNA barcode. 
 
Platypodini Treptoplatypus 
sp. 
26.Tr.F.1.1 Treptoplatypus 
australis† 
91.7% 0 Treptoplatypus 
australis 
99.2% 0 New COI DNA barcode. 
 
Platypodini Treptoplatypus 
sp. 
31.Tr.F.1.1 Treptoplatypus 
australis† 
92.0% 0 Treptoplatypus 
australis 
99.2% 0 New COI DNA barcode. 
 
Platypodini Crossotarsus 
subpellucidus  
61.Cr.M.1.4 Crossotarsus 
minusculus 
88.6% 0 Crossotarsus sp. 99.2% 2.01e124 New COI DNA barcode. 
New 28S rDNA sequence 
Platypodini Crossotarsus 
subpellucidus 
14.Un.M.1.3 Crossotarsus 
minusculus 
87.9% 0 - - - New COI DNA barcode. 
28S rDNA sequence was 
not produced in this study 
Platypodini Crossotarsus 
externedentatus 
Crext1 Crossotarsus 
externedentatus 
96.5% 0 Crossotarsus 
externedentatus 
98.3% 0  
Platypodini Crossotarsus 
externedentatus 
Crext2 Crossotarsus 
externedentatus 
96.5% 0 Crossotarsus 
externedentatus 
98.3% 0  
Platypodini Crossotarsus 
externedentatus 
Crext4 Crossotarsus 
externedentatus 
96.5% 0 Crossotarsus 
externedentatus 
98.3% 0  
Platypodini Crossotarsus 
externedentatus 
Crext5 Crossotarsus 
externedentatus 
96.6% 0 Crossotarsus 
externedentatus 
98.2% 0  
Platypodini Crossotarsus 
externedentatus 
Crext6 Crossotarsus 
externedentatus 
96.6% 0 Crossotarsus 
externedentatus 
98.3% 0  
Platypodini Crossotarsus 
lacordairei 
Crl1 Platypus 
cylindrus 
86.4% 0 - - - New COI DNA barcode. 
28S Sequence was not 
produced in this study 
Platypodini Crossotarsus 
lacordairei 
Crl2 Crossotarsus 
nitescens 
86.2% 1.01e-177 - - - New COI DNA barcode. 
28S rDNA sequence was 
not produced in this study 
Platypodini Crossotarsus 
lacordairei 
Crl3 Crossotarsus 
nitescens 
85.9% 1.83e-174 - - - New COI DNA barcode. 
28S rDNA sequence was 
not produced in this study 
Platypodini Crossotarsus 
mniszechi  
Crm1 Platypus 
cylindrus 
87.1% 0 Crossotarsus 
wallacei 
92.5% 0 New COI DNA barcode. 
New 28S rDNA sequence 
74 
 
Platypodini Crossotarsus 
mniszechi 
Crm2 Platypus 
cylindrus 
87.3% 0 - - - New COI DNA barcode. 
28S rDNA sequence was 
not produced in this study 
Platypdoini Crossotarsus 
mniszechi 
Crm3 Platypus 
cylindrus 
87.4% 0 - - - New COI DNA barcode. 
28S rDNA sequence was 
not produced in this study 
Platypodini Unknown 64.Un.M.2.1 Treptoplatypus 
australis† 
85.2% 7.87e-172 Platypus sp. 93.2% 1.94e-105 Unconfirmed genus and 
species identification. This 
specimen may represent a 
new species 
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3.4 Discussion 
 
3.4.1 COI DNA barcode development  
 
This study analysed 98 Australasian pinhole borer specimens, and produced the first genetic 
characterisation of seven and six Platypodinae species, with COI barcodes and 28S rDNA 
sequences, respectively. This study also detected three species previously not recorded in 
Australia; Diapus unispineus, Treptoplatypus sp. and Dinoplatypus sp. (the latter two taxa 
were not identified to species level due to limited specimen availability). As we did not have 
access to Treptoplatypus and Dinoplatypus collection material from Papua New Guinea, 
these unkown species could not be readily identified. Further collections and molecular 
investigations will help resolve these issues. Two species which were identified in Chapter 2 
as morphologically indistinguishable, Dinoplatypus pallidus and Dinoplatypus 
pseudocupulatus, were well resolved as separate species with COI DNA barcoding. There was 
no evidence for NUMTs or pseudogenes amplified in this study. However, one specimen, 
14.Un.M.1.4, was contaminated with exogenous DNA that was BLAST-matched to a psocid 
louse, Liposcelis rufa. Previously such psocids have been found associated with insect 
collections (Gautam et al. 2010). Therefore, this contamination may have occurred during 
the field collection or sample processing stage prior to the molecular work. This  highlights 
the need for careful processing of samples, accurate DNA extraction and amplification 
protocols, and critical sequence data analysis and management for DNA barcode studies. 
Species level identification based on 28S rDNA sequences corroborated what was suggested 
by COI barcodes. Most pairwise ID percentages and e-values suggested that species level 
identification was correct, however, there were some disparities. Based on a BLAST search 
of 28S rDNA, specimen 6.Pl.M.3.7 was identified as Lorelus sp., a tenebrionid beetle, while 
BLAST search of COI suggested it was a Platypus species (this specimen was morphologically 
identified as Platypus hastulifer that has previously not been DNA barcoded). The species 
and genus level identity of one specimen, 64.Un.M.2.1, remained unclear. Morphologically, 
this specimen resembled a Diapus species, however, both COI and 28S phylogenetics 
suggested it is a species of the Platypodini tribe. Whether this specimen represents a new 
species (or genus) is unclear, and further examination of Australasian pinhole borers will 
resolve this ambiguity.  
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Of the 98 pinhole borer specimens used in this study, only 34 yielded clean sequence data. 
Success rate was higher for 28S rDNA than COI. Factors contributing to the relatively low COI 
amplification success are unclear, as PCR reactions were successful for all positive controls 
and unsuccessful for all negative controls for all COI primer pairs used, including the 
“universal” Folmer primers, LCO/HCO (Folmer et al. 1994). Therefore, PCR reaction 
conditions may not be an attributable factor. DNA degradation due to age and preservation 
conditions are often cited as major hindrances in PCR amplification success rate (Lindahl 
1993; Gilbert et al. 2007). While there have been no empirical studies investigating the rate 
at which DNA deteriorates in collection specimens, several studies have identified that 
sequence recovery success is rapidly reduced after 25 years (Hebert et al. 2013; Mitchell 
2015). However, specimens used in these other studies were dried pinned insects. In our 
study, specimens were much younger than 25 years (the oldest specimens were collected in 
2002), and all were stored in ethanol after collection (specimens from The Ambrosia Beetle 
Laboratory were stored similarly after collection). As such, degradation of nucleic material 
should not have been an issue. Furthermore, the applied DNA extraction kit, Gentra 
Puregene Tissue Kit, was modified in accordance with their instructions for a low DNA yield. 
Quality and quantity checks were attempted on some DNA extracts via Qubit flurometry and 
Nanodrop, but due to the low yield, measurements could not be made. It is possible that 
extraction techniques used in this study may be inefficient and be the cause of the low yield. 
With only ~34% of amplifications successfully being sequenced, it is difficult to understand 
which step in the pipeline is erroneous. Further testing with various extraction kits and 
primer pairs may help overcoming any technical difficulties, and provide an improved 
methodology for the DNA barcoding of Platypodinae. 
 
A Kimura 2-parameter distance of 2% or greater was implemented in this COI barcoding 
strategy to delimitate species boundaries (Rossini et al. 2016; Roux et al. 2016). This cut-off 
threshold was largely satisfactory in delimitating pinhole borer sequence diversity, however, 
several sequences, including those of C. externedentatus, D. pseudocupulatus, and E. 
parallelus, contained greater intraspecific sequence divergence than anticipated. Individuals 
of these species were identified by experts (Jiri Hulcr and colleagues, Ambrosia Symbiosis 
laboratory) prior to analysis, and all BLAST hits confirmed these identifications, despite >2% 
sequence divergence. Analysis of barcode variation in C. externedentatus and E. parallelus 
revealed sequence divergence between 5-10% across specimens from different geographic 
localities. However, in these sequences, there were few non-synonymous mutations, 
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indicating high amounts of neutral changes across individuals. It can be suggested that these 
populations are diverging, but still one species. It should be noted that the barcode 
assessment of C. externedentatus and E. parallelus is not comprehensive, and more 
sequences are needed to conclusively investigate cryptic speciation in these species 
complexes. 
 
Examining species boundaries purely through morphology and Kimura 2-paramter distance 
alone may not be stringent enough. Many alternative analyses have been utilised for 
barcoding datasets using COI sequence data, some of which similarly rely on distance 
methods, such as Automatic Barcode Gap Discovery (Puillandre et al. 2012), while other 
methods rely on the reconstruction of gene trees of a particular locus with mixed model 
divergence time estimates, such as Generalized Mixed Yule Coalescence (GMYC) (Pons et al. 
2006) or Bayesian Multispecies Coalescence (Yang & Rannala 2017). Distance methods solely 
examine the sequence diversity present within a dataset without incorporating 
substitutional variation across sequences. Coalescence methods can incorporate multi-loci 
data as well, but relying solely on COI may result in the false detection of species based on 
sequence divergence (apparent in our C. externedentatus and E. parallelus barcode analysis).  
Incorporating non-synonymous changes, or more conservative loci with lower evolutionary 
rates, in DNA barcoding analyses may highlight evolutionary significant divergence across 
individuals. While more samples across further geographic distances are necessary to 
quantify cryptic species within E. parallelus and C. externedentatus, relying on pairwise 
distance metrics alone was not necessarily a good method of species delimitation for these 
species.  
 
3.4.2 Molecular systematics of Australian pinhole borers 
 
Phylogenetic analyses were performed on the three alignment datasets; COI DNA barcodes, 
28S rDNA, and a concatenated dataset of the two marker genes. The neighbour joining COI 
barcode tree highlighted the strength and utility of the COI locus for barcoding efforts, with 
well-supported crown branches composed of species and genera. Four distinct monophyletic 
clades of Platypus species were resolved in this analysis, highlighting potential polyphyly 
present in the genus in Australasia. Internode bootstrap support was drastically lower than 
that of support for crown nodes. This was expected, as COI loci possess low-level 
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phylogenetic signal for ancestral sequence evolution, due to the rapid rate of evolution 
(Hebert et al. 2003).  
 
The 28S rDNA dataset produced a robust, well-supported phylogeny. Bootstrap support 
values were above 50, and all crown nodes were well supported. Distinct monophyletic 
clades of all genera were produced in this analysis, to the exception of Platypus, which was 
paraphyletic. Interestingly, Diapus and Genyocerus were found to be sister group of all 
Platypodinae, contrary to previous systematic analyses of the group. Notoplatypus has been 
suggested as the basal most lineage of Platypodinae (Jordal et al. 2011; Jordal 2015), 
however, in this analysis, it was sister group of all Platypodini. Mecoplemus zeteki was 
resolved within the outgroup Scolytinae and Cenocephalus, as a basal lineage to the group. 
This placement supports Jordal (2015) suggestion that this group may not be as closely 
related to Platypodinae as previously conceived.  
 
The COI and 28S rDNA concatenated dataset, overall, contained several polytomies at 
various hierarchical levels. At the root of the tree, N. elongatus, the Platypodinae outgroup 
taxa, and the “core Platypodinae” were resolved in a polytomous relationship. Interestingly, 
Schedlarius mexicanus, the only species within the Schedlariini tribe, was resolved in a basal 
position respective to the outgroup taxa. This relationship was well supported (bs = 84.6), 
but contradicts previous detection of a more basal position within Platypodinae (Jordal et al. 
2011). The Tesserocerini tribe was unsupported in these analyses, with Tesserocranulus, 
Cenocephalus, Periomatus, a clade consisting of Diapus and Genyocerus, and Platypodini 
resolved in polytomy. The Diapus genus was resolved monophyletically, and Genyocerus 
exilis forming a basal lineage within the clade. Platypodini as a tribe was supported, with A. 
incompertus expectedly forming a basal lineage to all others (Jordal et al. 2011; Jordal 2015). 
Within the core Platypodini, however, all groups were also resolved in polytomy, despite the 
strong support for this topology (bs = 94.5). All genera formed distinct, well-supported 
monophyletic clades, except for Platypus, which was polyphyletic (as in the COI and 28S rDNA 
analyses).  
 
Much of the topology of the Platypodini tribe across the three datasets was consistent with 
previous phylogenetic analyses. Austroplatypus incompertus was resolved in a basal position 
to the tribe in both the 28S rDNA and concatenated analyses, which confirmed several other 
previous analyses (McKenna et al. 2009; Jordal et al. 2011; Jordal 2015). Additionally, the 
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close relationship between Euplatypus and Crossotarsus resolved in all three analyses 
supported prior systematic hypotheses, similarly to that of Dinoplatypus, Treptoplatypus, 
and some Platypus species. Interestingly, in the COI and concatenated phylogenies, members 
of the Platypus genus remained unresolved due to polyphyly. This polyphly is consistent with 
previous suggestions made by Jordal et al. (2011) and (Jordal 2015). However, the polyphyly 
highlighted in their analyses was in Platypus species distributed between the Afrotropics and 
Australasia. The polyphyly found in these analyses showed that there is a taxonomic 
incongruence within Australasian Platypus species, highlighting that these issues are at a 
more fundamental level. Results from this study combined with Jordal et al. (2011) and 
(Jordal 2015) show the disparity within the Platypus genus, indicating that taxonomic 
revisions are necessary to rectify these issues. These issues may be a residual consequence 
of the historical taxonomic treatments of Platypodinae. In 1793 all species of Platypodinae 
were prescribed in Platypus; subsequent revision has seen much upheaval of Platypus 
species moved into other genera, however, due to limited taxonomic expertise, disparities 
are still present. The polyphyletic Platypus species incorporated in this analysis, P. 
carbonescens, P. hastulifer, P. scalaris, and P. semigranosus, have received little taxonomic 
attention since their conception. Of these four, P. carbonescens and P. semigranosus were 
transferred into the Platypus genus from Crossotarsus. Moreover, P. granulipennis, has 
subsequently been synonymised with P. semigranosus (Appendix 1). As these treatments are 
based purely on morphological characters, further examinations incorporating integrative 
techniques are necessary to resolve the taxonomic issues of this genus. Moreover, one of 
the two polyphyletic clades of Platypus forms a monophyletic clade with Treptoplatypus, 
suggesting that perhaps these species may be incorrectly named Treptoplatypus species, or 
these species may represent a new unnamed genus. While these are speculative hypotheses, 
future molecular systematics incorporating additional Platypus species will highlight the 
cause of these issues and suggest what taxonomic changes are needed to rectify them. 
 
The topology and composition of the Tesserocerini tribe were less consistent across the 
three analyses. The position of N. elongatus varied greatly and was not resolved within 
Tessereocerini. Both the COI and concatenated datasets placed it as an outgroup to all 
Platypodinae and using 28S rDNA it formed the basal lineage to Platypodini. Previous 
analyses based on 5 loci (Jordal et al. 2011; Jordal 2015) suggest that N. elongatus is a basal 
sister lineage to Tesserocerini. Other Tesserocerine taxa, Cenocephalus sp., Tesserocranulus 
nevermanni, and Periommatus bispinus were also variable in their relationships within and 
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to Tesserocerini. Similar to N. elongatus in the 28S rDNA analysis, T. neverammni was also 
resolved within the Platypodini tribe despite prior analyses by Jordal (2015) placing it within 
Tesserocerini. Additionally, Cenocephalus was resolved as an outgroup lineage, despite its 
conventional status within Tesserocerini. The relationship between Diapus species and 
Genyocerus exilis was monophyletic across all three analyses, which is supported by findings 
from Jordal et al. (2011) and (Jordal 2015). Further nuclear loci will be necessary to provide 
deeper level phylogenetic resolution to resolve the disparities in Tesserocerini found in this 
study.  
 
The inconsistent topologies across the analyses based on three different data set 
combinations presented in this study are possibly due to the limited phylogenetic power of 
COI in resolving ancestral bifurcations. As highlighted by Hebert et al. (2003) COI is an 
excellent gene for the purpose of species identification as it lacks introns, undergoes limited 
recombination, rapidly evolves, and is inherited uniparentally and haploid. While this is 
excellent for species identification, inferences of deeper level lineage splits are difficult to 
decifer. The limited bootstrap support values within internodes in the COI analysis and the 
polytomies in the concatenated analysis highlight the limitations of the phylogenetic 
applicability of this gene. Conversely, the phylogeny produced from the 28S rDNA locus was 
not only well supported by bootstrap, but much of the topology was consistent with previous 
studies (aside from the placement of N. elongatus and T. nevermanni). Moreover, distinct 
monophyletic clades were produced which corresponded with genus level dichotomies and 
clear species level delimitations. The phylogenetic analysis presented here highlights the 
applicability of this gene as a potential and alternate species barcode for pinhole borers. As 
such, further amplification and sequencing of other nuclear genes commonly used for 
phylogenetic placement of species, such as CAD, ArgK, and EF-1α (Wild & Maddison 2008), 
will help resolve these inconsistencies, produce a more robust phylogeny, and uncover the 
systematic relationships within Platypodinae to complement, or challenge, findings of 
previous research (Haran et al. 2013;  Gillett et al. 2014; Jordal et al. 2011; Jordal 2015; 
McKenna et al. 2009).
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Chapter 4 – Overview and general discussion 
 
4.1 Overview  
 
Platypodinae, or pinhole borers, are an ecologically and evolutionarily interesting group of 
weevils. This group is known for their fungal farming within excavated tunnels in wood, and 
highly social repertoires, exemplified by the only known eusocial beetle, Austroplatypus 
incompertus. While most species cultivate fungal gardens in deadwood, several species are 
known to attack living hosts, and a small subset of these species are vectors of pathogenic 
tree fungi. Despite this, relatively little is known about the ecology, behaviour, taxonomy, 
and systematics of the group. The cryptic lifecycle within the wood and poor representation 
in collections (Kirkendall 2017) have led to a scarcity of knowledge of these enigmatic 
beetles. As such, few species checklists, distribution records, host tree lists, and regional 
identification keys exist for this group. The aim of this project was to develop tools for the 
identification of Australian species and establish a groundwork for future research on the 
group by consolidating what is known of Australian pinhole borers. This was achieved 
through the following outputs and outcomes: 
 
1. Pinhole borer host tree associations were generated. Much of this data was 
distributed across several sources, including unpublished lists, specimen data, 
catalogues by Wood & Bright (1992a), and various journal publications.  
2. Biogeographic maps detailing known occurrence records of pinhole borers and 
documenting the range of their known host trees in Australia were produced. 
Assembling these records revealed that there are 25 species with established natural 
populations in Australia, indicating that the previously suggested 46 species (Pullen 
et al. 2014) may include species that are not established in Australia but have been 
intercepted near ports. Alternately, investigating the unsorted and undigitised 
material in collections may increase known diversity (from the 25 species presented 
here). Additionally, these maps showed that pinhole borer species in Australia have 
an east coast distribution, with most specimens being located east of the Great 
Dividing Range and only three species found west of this mountainous barrier. 
3. An identification key was developed for 37 species listed by Pullen et al. (2014). This 
key was based on accessible pinned specimens kept in Australian and New Zealand 
collections. The key was developed as an accessible tool for users of diverse 
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backgrounds, not only for those with comprehensive taxonomic training. The 
development of this key further highlighted species and sexes missing in collection 
facilities, stressing the need for additional focussed field collection efforts to 
investigate Australian pinhole borer diversity. 
4. Ninety eight Platypodinae specimens were incorporated into the DNA barcoding 
study resulting in new COI DNA barcodes being produced for seven Australian 
pinhole borer species. Of the 25 (recognised) species within Australia, 20 have been 
DNA barcoded, including species that have been barcoded in previous studies. With 
much of the known diversity barcoded, future identification of any life stages or 
sexes of these species should be simple. Additionally, this analysis revealed that 
three species, Diapus unispineus, Dinoplatypus sp., and Treptoplatypus sp. were 
recorded in Australia for the first time. A potential new species was also uncovered; 
specimen 64.Un.M.2.1, which morphologically resembles Diapus, could not be 
identified from sequence data.  
5. Nuclear 28S rDNA was sequenced to complement mitochondrial COI sequence 
information to investigate the systematics of Australian pinhole borers. Additional 
sequences were also sourced from NCBI to expand upon the sequences generated 
from this study for species placement in a phylogenetic context. Much of the 
systematic pattern identified here was congruent with previously published 
phylogenies by Jordal et al. (2011 & 2015). Interestingly, though, within Australasian 
species the Platypus genus was unresolved due to its polyphyletic relationship across 
the phylogeny, further exacerbating the taxonomic issues uncovered by Jordal 
(2015). 
 
4.2 Significance and implications of this research 
 
4.2.1 Identification of Australian pinhole borers 
 
The LUCID identification key produced in this study incorporates 37 of the 46 species listed 
in the Australian Weevil Catalogue by Pullen et al. (2014), and 24 of the 25 species with 
establshed natural populations in Australia (i.e. not collected in the immediate vicinity of an 
international port of entry) (Appendices 3&4). The key was developed using a polyclave 
system, meaning that the taxonomic knowledge required for traditional paper-based 
dichotomous keys is not necessary. Instead, users can employ a suite of morphological 
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characters to reduce the array of possible species entities and can identify the individual of 
interest pictorially. Through the selection of multiple characters at once, the onus of relying 
on one or two species-specific characters is reduced, which heightens the confidence of 
species identification. Additionally, the LUCID system is electronic, and can be easily updated 
should new species or characters be incorporated. Again, this is preferential to published 
dichotomous keys. When new dichotomous keys are published, all users may not be 
immediately aware of the update and continue to use the outdated key, leading to incorrect 
species identifications. This is not an issue with electronic web-based systems; additional 
material can easily be incorporated into the key without users needing to worry about 
updating their systems, ensuring that all users are operating from the same framework, 
reducing the risk of misidentification (which can lead to major biosecurity risks). 
 
DNA barcodes have been utilised across all animal phyla for the identification of species 
(Blaxter 2016; Evans et al. 2016; Hebert & Gregory 2005; Hebert et al. 2016; Miller 2007; 
Miller et al. 2016). In this study, the COI DNA barcode was successfully amplified for 32 
individuals, resulting in seven new species-specific COI DNA barcodes, and an additional two 
barcodes resolved at a genus level. Multiple specimens per species, from geographically 
diverse collection events were sequenced (when possible) to incorporate intraspecific 
diversity across COI barcodes. Of the 25 species known to have populations within Australia, 
20 species now possess DNA barcodes, when incorporated with other published sequences. 
Many of the previously collected species within Australia can now be readily identified 
through the sequencing of COI. Much like the LUCID key generated, this method of 
identification reduces the need for expert taxonomic knowledge in identifying species, as 
anybody with a general knowledge of genetic methodologies can quickly identify an 
unknown individual, of any sex or life stage, inexpensively utilising molecular data.  
 
Identification and delimitation of species are inarguably one of the most important 
foundations in any biological research (Meier 2017). Developing robust tools for the 
identification of any organism is pertinent to ensure that all individuals, irrespective of the 
identifier, are identified to species using standardised definitions. In pinhole borers this is 
especially true as species boundaries in these taxa can be, and have been, easily conflated 
(Appendix 1), due to the near identical morphology across species. The development of 
identification tools for Australian pinhole borers was one of the key outputs of this study. It 
is important for other researchers to have readily accessible methods of identifying pinhole 
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borers, and these tools will be of particular help in forestry and biosecurity research and 
applications. There is a scarcity, globally, of taxonomic expertise in pinhole borer taxonomy 
and biology (Kirkendall et al. 1997), which impedes quick and efficient identification of 
invasive and destructive species. The development of more broadly accessible identification 
tools will help circumvent issues that require specific taxonomic skills, as it removes the need 
for a high level of taxonomic knowledge required to identify cryptic and morphologically 
indifferent species. An additional objective of this study was to set the foundation for future 
work on Australian pinhole borers, as the development of robust tools for their identification 
is essential for future research outcomes and outputs. By setting a universal identification 
standard of species delimitation, future research can better overcome the time consuming 
task of identifying pinhole borers, and move forward with testing and challenging specific 
hypotheses and/or further improve or expand upon the developed identification tools. 
 
4.2.2 Host tree associations and biogeography of Australian pinhole borers 
 
Reviewing the associations between Australian pinhole borers and their respective host trees 
yielded interesting results. It was observed that Malvaceae was the most commonly attacked 
tree family, and Eucalyptus the most commonly attacked tree genus. Several interesting 
associations were also found which has profound implications for the evolutionary 
significance for the group. Four Australian native species can attack living trees, three of 
which reside in living eucalypt trees with no adverse effects to the hosts health (A. 
incompertus, P. tuberculosus, and N. elongatus). Platypus subgranosus, a well-studied 
secondary factor of myrtle wilt disease in Nothofagus cunninghamii (Elliott et al. 1987; Kile 
& Hall 1988), is the only species that attacks stressed living trees and is a host tree generalist. 
The host specificity of A. incompertus and N. elongatus to eucalypt has been well known for 
quite some time (Kent 2008; Kent unpublished) but has not been clear for P. tuberculosus. 
The analysis of grey literature however has revealed, for the first time, that P. tuberculosus 
is also a eucalypt specialist. Moreover, P. tuberculosus is also thought to possibly be eusocial, 
similar to A. incompertus (S. Smith pers. comms). These two species share ecological 
similarities despite their distant evolutionary relationship. Austroplatypus incompertus 
forms a basal monotypic genus to Platypodini, whereas P. tuberculosus is thought to be one 
of many species of Platypus spaced across Platypodini. Molecular evidence is necessary to 
understand the systematic and evolutionary placement of P. tuberculosus, and these data 
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should shed more light into the evolution of eucalypt host specificity, the use of living trees 
and potentially the evolution of eusociality.  
 
Understanding the ecological associations between trees and pinhole borers is pivotal for the 
management and control of pinhole borers in threatened or commercially important timber 
tree species. Three tree species listed under the EPBC are hosts of pinhole borers. A 
fundamental necessity in conservation is the management of potential threats to vulnerable 
or endangered tree species. While the pinhole borers that are known to attack EPBC listed 
listed trees (see Chapter 2) have not been recorded to attack living healthy trees, this does 
not preclude them from attacking stressed or dying hosts, which may have fatal 
consequences for these endangered species. As such, incorporating this knowledge into 
conservation plans for these threatened trees (see Chapter 2) may aid in their protection. A 
larger number of commercially important timber tree species are impacted by pinhole 
borers. At least 17 timber species are attacked by 15 different pinhole borer species, 
however, this number could be greater as most pinhole borers are generalists with regard to 
their host preference, therefore most species could attack many different important timber 
species. Similarly to conservation efforts, understanding the potential threats to 
commercially important species can aid in their protection and help secure production of 
timber. 
 
Pinhole borers follow an east Australian distribution, ranging from far north Queensland to 
southern Tasmania. Most of these species are found east of the Great Dividing Range, but 
three have also been found west of this geographic barrier. Understanding the biogeography 
of species is fundamental for future studies of pinhole borers. First and foremost, 
understanding their distribution directs future collection events (as one needs to know 
where to collect species to study them). Additionally, phylogeographic and evolutionary 
studies are reliant on understanding contemporary species distributions, as well as ecological 
studies, as species distributions are inextricably linked to their interactions with other 
species. In addition to providing an essential framework for research, the distributions 
uncovered in this study is important for forestry and biosecurity. By utilising distribution 
records, in conjunction with the aforementioned host tree associations, appropriate plans 
and strategies can be developed for the control of opportunistic pinhole borers that target 
felled timber. Moreover, understanding the distribution of pinhole borers and the trees in 
which they live will yield interesting ecological and evolutionary insights into the symbioses 
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of the oldest known lineage of agricultural insects have with fungi and microbes (Hulcr & 
Stelinski 2017).  
 
4.2.3 Taxonomy and systematics 
 
Molecular data generated in this study, COI mtDNA and nuclear 28S rDNA, were used to test 
the established hypotheses of Platypodinae systematics. Despite several incongruences 
present across the three datasets, results of these analyses were congruent with previous 
analyses (Jordal et al. 2011; Jordal 2015). The Tesserocerini tribe was resolved as 
paraphyletic in the COI and 28S rDNA Neighbour Joining analyses and polytomic in the 
concatenated Maximum Likelihood analysis. While the tribe was not resolved as a 
monophyletic clade, topology of node bifurcation did support the establishment of the 
Tesserocerini tribe. Conversely, Platypodini was well supported as a monophyletic clade 
across all three analyses, with A. incompertus forming the basal lineage of the tribe in the 
28S rDNA Neighbour Joining and concatenated Maximum Likelihood analyses. The 
systematics of Platypodinae has had a very contentious history with regard to placement of 
the group (Kuschel et al. 2000; Jordal et al. 2014), however, molecular systematics is slowly 
resolving the relationships between species and at higher levels. Results obtained in this 
study support a growing body of literature (McKenna et al. 2009; Jordal et al. 2011; Haran et 
al. 2013; Gillett et al. 2014; Jordal 2015) investigating the systematic relationships within 
Platypodinae. 
 
Interestingly, in all three phylogenetic analyses of single gene and concatenated data sets, 
the Platypus genus was polyphyletic. This was also found by Jordal (2015), where species of 
Afrotropical and Australasian Platypus were polyphyletic. However, our study also revealed 
that Australasian Platypus species are polyphyletic. This finding highlights fundamental 
taxonomic incongruences within the genus. This may be an artefact of the historical 
treatments of Platypus in relation to Platypodinae as a whole, however, these findings 
combined with (Jordal 2015) highlight the need for further taxonomic work on these species.  
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4.3 Limitations 
 
4.3.1 Specimen availability 
 
A major hindrance to this study was the lack of specimen availability. Noted in Chapter 2, 
specimens for several species (listed in Pullen et al. (2014)) were not available to study. 
Despite this, highlighting which species (and sexes) that were not available to study also 
exposed those that require taxonomic attention. If these species are not readily available in 
accessible collections, greater collection efforts are required to rectify this issue. 
Additionally, while a large number of species was available for this study, several species 
were represented by only a few individuals, which impacts our understanding of their 
biogeography, species delimitation, and intraspecific genetic diversity. The distributions of 
pinhole borers uncovered in this study may not be an accurate reflection of the actual 
distribution of these species due to a lack of targeted collection events. As such, the paucity 
of specimens is not only a hindrance to this study, but in fact an obstacle for all studies 
focusing on Australian pinhole borers.  
 
Specimen availability was also an issue for the molecular studies. Specimens were 
opportunistically sourced from previous collection events that targeted a larger breadth of 
insect diversity (ANIC ethanol material was sourced from general insect or beetle surveys, 
whereas the material from the Ambrosia Symbiosis laboratory was based on targeted 
collection of scolytines and platypodines). Further sampling to increase the taxonomic 
breadth of available material are required to improve future work on these cryptic species.  
 
4.3.2 Time constraints of the Master of Research program 
 
While this study was on schedule throughout the nine-month research project, time 
available for this research was an anticipated constraint. If there was more time, additional 
work could have been acomplished. For example, DNA could have been amplified from 
dried/pinned specimens. This was attempted in early stages of the project however was 
abandoned due to its low success rate. A more extensive focus on optimisation and finer 
molecular techniques may provide a future break through. Furthermore, additional nuclear 
genes could have been amplified and sequenced to resolve the issues of polytomy in the 
concatenated Maximum Likelihood analysis. Nuclear genes have a demonstrated ability for 
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increasing phylogenetic signals at various hierarchical levels, and as such, sequencing loci 
that are powerful in resolving deeper level nodes, such as ArgK, Wingless, and CAD (Wild & 
Maddison 2008), along with a myriad of recently developed markers for scolytine and 
platypodine phylogenetics (Pistone et al. 2016), should resolve phylogentic issues. However, 
developing robust pipelines for the amplification, sequencing, and bioinformatics to achieve 
this is time-consuming. Implementing these strategies within the time frame of the nine-
month research project would have come at a cost to other aspects of the study.  
 
4.4 Future perspectives and research directions 
 
4.4.1 Specimen collection effort 
 
Given that pinhole borer species have potential to cause great economic harm to agricultural 
and forestry resources, as well as damage to native forest ecosystems that suffer from other 
environmental stressors (fragmentation, pollution, invasive species), there is a dire need to 
improve the understanding of their general biodiversity and biology to reduce risk and 
prevent future damage. This study aimed to review the documented biodiversity and 
generate tools for the identification of said species, yet the true extent of the diversity of 
pinhole borers is still largely unknown. With only a small handful of researchers dealing with 
this group within Australia, comprehending the full species diversity is going to be a 
significant challenge. Regardless of the difficulties that the cryptic life history of Platypodinae 
present, targeted collection events are the only way to rectify this issue.  
 
Employing multifaceted approaches for specimen collection will be the best way forward. A 
technique commonly employed to collect pinhole borers is extracting them from either living 
or dead wood. Recent studies have examined and tested the efficiency of traps baited with 
semiochemicals targeting platypodine and scolytine ambrosia beetles (Allison & Redak 2017; 
Kendra et al. 2016; Steininger et al. 2015), which is more passive, easier to implement and 
less physically demanding (than felling or drilling into trees and sawing through logs), and 
can target a greater diversity of species. The recent rise in citizen science has seen a 
tremendous generation of material and data that can be harvested by scientists globally 
(Ratnieks et al. 2016; Geldmann et al. 2016; Bowser et al. 2014). Encouraging the use of 
citizens to monitor lured traps will be an effective way to sample pinhole borers from diverse 
geographic regions, as it will not only reduce the cost of travelling, but it will also promote 
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scientific engagement of the public, and increase public awareness of an often overlooked 
group of beetles. A citizen science project, based in Florida by researchers from the Ambrosia 
Symbiosis Laboratory University of Florida, are using homemade traps operated by citizen 
scientists to investigate the diversity of bark beetles (Scolytinae) in the region. The “Backyard 
Bark Beetle Project” is also being employed in schools and Universities around North 
America. Not only has this project uncovered a wealth of diversity in bark beetles, but it was 
reported that students engaging in this project had a desire to become involved in future 
citizen science projects (Gillett-Kaufman 2015; Steininger et al. 2015). Such a citizen science 
venture could be highly beneficial in understanding the diversity of Australian pinhole borers. 
 
A large majority of pinhole borer specimens originate from a relatively small geographic 
range across Australia. Whether this is the true extent of their distribution or not is unknown. 
From this study, it was found that while much of the diversity was collected from forested 
habitats east of the Great Dividing Range, several specimens were found west of this 
supposed barrier. Further collections from a greater breadth of localities will elucidate 
whether there are any disjunct populations and new species in previously unsampled 
regions. Future population genetic studies might help determine how far pinhole borers can 
disperse and potentially establish populations. It has been suggested that perhaps several 
species of ambrosia beetles (Platypodinae and Scolytinae) may have populations in mesic 
forests in southern Western Australia. These are predominantly eucalypt dominated forests, 
and geographically distant from eastern Australia. It would be interesting to see whether 
they harbour pinhole borers, and if so, how they are related to eastern species. Moreover, 
coupling geographic data with climatic and environmental data, and broader collection 
efforts will provide insights into the factors governing their occurrence patterns and 
biogeography. It has recently been suggested that the requirements of fungiculutre limits 
the distribution of Platypodinae (Hulcr & Stelinski 2017). This is largely predicated on the 
assumption that most beetles form symbioses with one or two species of fungi. Yet the 
diversity of the fungal symbionts that individual ambrosia beetle species cultivate are largely 
unknown.  
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4.4.2 Systematic and evolutionary uniqueness of Platypodinae 
 
Phylogenetic studies of Platypodinae have unveiled some interesting insights into their 
evolution and their status within weevils. Of the 11 insect lineages to engage in agricultural 
activities, fungal farming in pinhole borers is not only the oldest occurrence of this activity, 
but it appears to have evolved only once and is a monophyletic trait within this subfamily. 
This is unique, as fungal farming is paraphyletic and/or polyphyletic in other insect lineages, 
such as Scolytinae and Hymenoptera (Farrell et al. 2001). Similarly, the incidence of obligate 
eusociality in A. incompertus is unique within Coleoptera, and interestingly, phylogenetic 
analyses have revealed that this lineage most likely diverged from other members of 
Platypodini some 54Ma without any further diversification. The means by which eusociality 
arose in this group is still unclear, although it can be inferred that the switch from dead wood 
to living wood facilitated its evolution. Notoplatypus elongatus is another species that is 
characterised as an ancient monotypic genus which is also a living eucalypt specialist, yet it 
has not been observed to be eusocial. Understanding the driving force of eusociality will 
become clearer if this trait is observed in other species. Platypus tuberculosus may be such 
a species, as it is the third Australian taxon which is also a living eucalypt specialist. However, 
no molecular or ecological data exist for this species, so its evolutionary history is not clear. 
Further studies on this species will likely yield interesting insights into the evolution of 
eusociality, and whether it is intrinsically connected with fungal farming in living host trees. 
 
The systematic placement of Platypodinae within Curculionidae has been highly contentious. 
While the preconceived ideas that Scolytinae and Platypodinae form a monophyletic clade 
have been dispelled, the placement of Platypodinae within Curculionidae is still unknown. 
Results from a systematic investigation by Jordal et al. (2011) could not identify its placement 
due to the ephemeral movements of the subfamily between analyses. Recent mitogenomic 
evidence (Haran et al. 2013; Gillett et al. 2014) suggest a sister relationship with 
Dryophthroinae. Further evolutionary analyses incorporating more species and further 
molecular data may resolve this issue, and an understanding of the systematic placement of 
Platypodinae may be illuminated. 
 
Interestingly, despite the large size of Australia, there is a low diversity of pinhole borers 
compared to total global species diversity (25 known Australian species out of 1400 global 
species). Historic phylogeographic analyses have revealed that migrated to Australia from 
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south east Asia (Jordal 2015). However, two of the oldest lineages of pinhole borers, 
Austroplatypus incompertus and Notoplatypus elongatus, are endemic to Australia. If species 
migrated to Australia, why then are these two species not found in ancestral areas of south 
east Asia? These species also possess unique life histories (in that they inhabit living eucalypt 
trees), so how did they form this specialisation in eucalypts in novel environments and host 
trees? Perhaps these two species may not in fact be monotypic genera (but have 
extinct/extant species to be discovered), or a rethinking in ancestral pinhole borer migrations 
may be necessary to account for their endemic presence in Australia. Moreover, the timing 
of the evolution of N. elongatus does not correspond with the timing of continental drift of 
the Australian landmass. It has been suggested that the addition of Platytarsulus, an Indo-
Malayan genus closely related to Notoplatypus, will resolve the historic phylogeography of 
N. elonatus (Jordal 2015). However, continental Australia met the Asian landmass some 
50Ma (Byrne et al. 2011), but N. elongatus was thought to have evolved some 96Ma. How 
then is this species endemic to Australia? Two possibilities exist that may explain this; 1) N. 
elongatus is not the only known lineage of Notoplatypus, and other extinct/extant species 
exist in South East Asia, or 2) Notoplatypus is a Gondwanan distributed lineage, and evolved 
on the Australian mainland (and may perhaps have closely related species in Africa and South 
America). The second suggestion may also may also raise the potential of a longer-evolved 
specialisation of N. elongatus with eucalypt tree hosts, including those that have 
distributions outside of mesic habiat. Further sampling in Papua New Guinea, Indo-Malaya, 
and Gondwanan regions will be highly informative in tracing the evolution of this group.  
 
4.4.3 The Platypus polyphyly 
 
Systematic analyses of Platypodinae have highlighted taxonomic discrepancies within the 
Platypus genus. Jordal (2015) reported Platypus species as polyphyletic across the topology 
of the phylogeny, with a large division between Afrotropical and Australasian species. This 
issue was congruent with continental differences, however, as discovered within this study, 
Australasian species were also found to be polyphyletic. Historically, many pinhole borers 
were initially described as a Platypus species (discussed in Chapters 1 and 3), and due to 
limited taxonomic work on this group, these issues were never rectified. Across all 
phylogenetic analyses presented here, the distinct polyphyletic Platypus species were 
resolved in two monophyletic clades, with Treptoplatypus forming a basal lineage of one of 
these clades. It may be that these species are in fact incorrectly named Treptoplatypus 
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species, or, these species may represent a new unnamed genus. Further taxonomic work on 
Platypodinae, incorporating morphological and molecular data, will resolve these issues.  
 
4.4.4 Morphology of Platypodinae 
 
Much of the morphology of pinhole borers is conserved, with all species narrow and 
cylindrical in shape, sparsely covered in setae, and males possessing modified elytral 
declivities (females of some species, such as A. incompertus also possess this feature) (Jordal 
2014a; Kent 2010). The cryptic morphology present in these species has caused great 
taxonomic controversy. Additionally, from personal observations, much of the original 
taxonomic literature describing these species is not only difficult to access but also poorly 
describes their morphology. All descriptions are composed of the same features, such as 
body length and colour, elytral declivity, mycangial morphology, the texture of carapace, and 
presence of setae (Beeson 1937; Blandford 1896; Froggatt 1926; Lea 1909; Schedl 1938; 
Schedl 1935c; Schedl 1979; Schedl & Lienz 1964). These descriptions use outdated 
terminologies, and some descriptions are written in Latin (Chapuis 1865b; Fabricius 1801; 
Motschulsky 1863). Prior to this study, I made an effort to gather all descriptions of the 46 
species listed by Pullen et al. (2014), however, many original descriptions had to be 
translated (by myself) from Latin, French (some descriptions by Chapuis (1865) in French and 
Latin), and German (Schedl 1942; Schedl 1955; Schedl 1962).  
 
While redescribing species may be an extensive effort, it could also reveal new characters 
that were not previously investigated. As highlighted by Nakashima (1975), several pinhole 
borers possess mycangia within their pre-oral cavity, on their legs, and also underneath 
elytra. From this study, it was found that no Australasian Crossotarsus possessed mycangia 
on their pronotum. Investigations in how these Crossotarsus species carry fungal spores may 
yield interesting insights into their fungiculture, ecology and evolutionary history. 
Additionally, species of Crossotarsus are known to move larvae around in a patch of sticky 
setae found on their frons (Kirkendall et al. 1997). Observed in this study the frons of female 
C. mniszechi individuals are concave in shape, and their antennal scape is highly modified 
with what appears to be claws. This might be a more advanced modification to translocate 
larvae within galleries. These features were not described in the original taxonomic literature 
(Chapuis 1865b) or in subsequent studies (Lea 1909; Browne 1963). Further investigations 
into the function of these interesting morphologies may yield some interesting results. 
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Crossotarsus biconcauis, a species from Papua New Guinea, also possess similar 
modifications to their antennal scape. Unfortunately, no molecular data exists for C. 
biconcauis, and phylogenetic placement of C. mniszechi suggests this species is not 
evolutionarily unique. These two species may be closely related, and this interesting 
morphology may be present in other species as well. Further taxonomic work will shed light 
on this. 
 
 
Figure 4.1. Photograph of the modified antennal scape present in Crossotarsus mniszechi 
 
4.5 Final Remarks 
 
This study provides the starting point for examining the diversity of pinhole borers in 
Australia. The generated biogeographic maps and the host tree association list will guide 
future collection events, and the morphological key and COI DNA barcodes will assist in their 
identification. Understanding the diversity of pinhole borers will facilitate great insights into 
their unique evolutionary and ecological history. Additionally, due to their economic and 
ecological impact that these species have on natural and managed forest and timber 
resources, further studies will assist the development of biosecurity measures and the 
management and control of potentially destructive beetles. The assessment of the known 
diversity of pinhole borers in Australia has not only compiled interesting ecological 
knowledge, but it has also resulted in the development of identification tools, revealed 
interesting systematic relationships within the Platypus genus, and has uncovered several 
species that have previously not been found in Australia. Further efforts of this kind will 
reveal remarkable insights in these wood boring species with cryptic and unique life histories.  
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Appendix 1. The taxonomy of Australian pinhole borers 
 
Table A-1. List of the taxonomic history applied to Australian Platypodinae species, showing all 
synonyms of accepted names (Modified from (Pullen et al. 2014)). 
Accepted Genera Accepted Species  Synonyms and genus 
combinations 
Related publications 
Austroplatypus 
Browne, 1971 
Austroplatypus 
incompertus  
(Schedl, 1968) 
Platypus incompertus  
Schedl, 1968 
Platypus incostatus  
Schedl, 1972a 
(Kent & Simpson 1992; 
Kent 2001; Jordal et al. 
2011; Jordal 2015; 
Kent 2008; Smith et al. 
2009; Kent 2010) 
Baiocis  
Browne, 1962 
Baiocis pernanulus 
(Schedl, 1935) 
Crossotarsus 
pernanulus  
Schedl, 1935b 
(Browne 1972; Jordal 
2015; Wood 1993) 
Crossotarsus 
Chapuis, 1865 
Crossotarsus 
armipennis 
Lea, 1909 
 (Browne 1962a) 
 Crossotarsus 
chalcographus 
Schedl, 1972b 
 (Jordal 2015) 
 
 Crossotarsus 
externedentatus 
(Fairmaire 1850) 
Platypus 
externedentatus 
Fairmaire, 1850 
Crossotarsus saundersi 
Chapuis, 1865 
Diapus heritierae  
Stebbing, 1906 
Platypus posticus 
Broun, 1910 
Crossotarsus saundersi 
usambaricus  
Strohmeyer, 1911 
Crossotarsus 
formosanus  
Strohmeyer, 1912 
Crossotarsus nilgricus 
Beeson, 1937 
Crossotarsus saundersi 
submontanus  
Beeson, 1937 
(Beaver 2000; Chapuis 
1865; Jordal et al. 
2011; Jordal 2015; 
Kuschel et al. 2000) 
 Crossotarsus indomitus 
Chapuis, 1865 
Crossotarsus cavifrons 
Blandford, 1896 
 
 Crossotarsus 
lacaordairei  
Chapuis, 1865 
  
 Crossotarsus mniszechi 
Chapuis, 1865 
 (Browne 1963; Lea 
1909) 
 Crossotarsus nitescens 
Schedl, 1979 
 (Jordal 2015) 
 Crossotarsus 
subpellucidus  
  
95 
 
 
Lea 1909 
Dinoplatypus  
Wood, 1993 
Dinoplatypus cupulatus 
(Chapuis, 1865) 
Platypus cupulatus  
Chapuis, 1865 
Platypus cupulatus 
blumi  
Schedl, 1979 
Beaver & Liu 2013 
 Dinoplatypus forficula 
(Chapuis, 1865) 
Platypus forficula 
Chapuis, 1865 
 
 Dinoplatypus lepidus  
(Chapuis, 1865) 
Platypus lepidus  
Chapuis, 1865 
 
 Dinoplatypus luniger 
(Motschulsky, 1863) 
Platypus luniger 
Motschulsky, 1863 
Platypus caliculus  
Chapuis, 1865 
Platypus schultzei 
Strohmeyer, 1911 
 
 Dinoplatypus pallidus  
Chapuis, 1865 
Platypus pallidus  
Chapuis 1865 
Platypus pallidus 
sabroni  
Schedl, 1940 
 
 Dinoplatypus 
pseudocupulatus 
(Schedl, 1935c) 
Platypus 
pseudocupulatus  
Schedl, 1935c 
Platypus 
pseudocupulatus 
artecavus  
Schedl, 1941 
Platypus 
pseudocupulatus 
sundaensis  
Schedl, 1941 
(Jordal 2015) 
Euplatypus 
Wood, 1993 
Euplatypus parallelus 
(Fabricius, 1801) 
Bostrichus parallelus 
Fabricius, 1801 
Platypus linearis  
Stephens, 1832 
Platypus poeyi  
Guerin-Menevill, n.d.  
Platypus subcostatus 
Jacquelin-Duval, 1837 
Platypus compressus 
Chapuis, 1865 
Platypus dejeani  
Chapuis, 1865 
Platypus difficillis  
Chapuis, 1865 
Platypus emarginatus 
Chapuis, 1865 
Platypus erichsoni  
Chapuis, 1865 
Platypus kraatzi  
(Beaver 2013; 
Bumrungsri et al. 2008; 
Chapuis 1865; Jordal 
2015; Silva et al. 2013) 
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Chapuis, 1865 
Platypus laevicollis  
Chapuis, 1865 
Platypus lebasi   
Chapuis, 1865 
Platypus macklini  
Chapuis, 1865 
Platypus marseuli  
Chapuis, 1865 
Platypus oblongus  
Chapuis, 1865 
Platypus praevius  
Chapuis, 1865 
Platypus proximus  
Chapuis, 1865 
Platypus puntulatus 
Chapuis, 1865 
Platypus regularis  
Chapuis, 1865 
Platypus reticulatus 
Chapuis, 1865 
Platypus rotundatus 
Chapuis, 1865 
Platypus rugulosus  
Chapuis, 1865 
Platypus subaequalis 
Chapuis, 1865 
Platypus wesmaeli  
Chapuis, 1865 
Platypus congoanus  
Duvivier, 1891 
Platypus triquetrus  
Brèthes, 1909 
Platypus mattai  
Brèthes, 1919 
Platypus 
Herbst, 1793 
Platypus apicalis 
(White, 1846) 
Crossotarsus apicalis  
White, 1846 
Platypus douei  
Chapuis, 1865 
Platypus casteneus  
Broun, 1880 
(Browne 1963; Chapuis 
1865b; Milligan 1979) 
 Platypus bifurcus 
(Schedl, 1938) 
Crossotarsus bifurcus 
Schedl, 1938 
(Belhoucine et al. 
2013) 
 Platypus carbonescens 
(Beeson, 1937) 
Crossotarsus 
carbonescens 
Beeson, 1937 
(Jordal 2015) 
 Platypus curtus  
Chapuis, 1865 
Platypus curtus 
artecurtus  
(Schedl, 1960) 
(Beaver & Shih 2003; 
Nakashima 1975; 
Schedl & Lienz 1964) 
 Platypus dentipennis 
(Schedl, 1964) 
Carchesiopygus 
dentipennis 
(Beaver & Sanguansub 
2015) 
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Schedl, 1964 
 Platypus froggatti  
(Sampson, 1925) 
Platypus pseodopacus 
Schedl, 1936 
(Froggatt 1926) 
 Platypus geminatus  
Chapuis, 1865 
Platypus turbatus  
Chapuis, 1865 
(Froggatt 1926) 
 Platypus gerstaeckeri  
Chapuis, 1865 
 (Beaver 2000) 
 Platypus hastulifer 
Schedl, 1959 
  
 Platypus hospes 
Schedl, 1964 
  
 Platypus hybridus 
Schedl, 1935a 
 (Browne 1972) 
Beaver and Liu 2013 
 Platypus jansoni 
Chapuis, 1865 
 (Froggatt 1926; Jordal 
et al. 2011; Jordal 
2015; Nakashima 1975) 
 Platypus lineellus  
Schedl, 1972a 
  
 Platypus norfolkensis  
Schedl, 1972b 
  
 Platypus omnivorus  
Lea, 1904 
 (Froggatt 1926; Lea 
1909) 
 Platypus pilidens  
Schedl, 1995 
  
 Platypus 
quadrincinctus Schedl, 
1962 
  
 Platypus queenslandi  
Schedl, 1939 
  
 Platypus scalaris  
Schedl, 1980 
  
 Platypus semigranosus 
(Sampson 1925) 
Crossotarsus 
semigranosus  
Sampson, 1925 
Platypus granulipennis 
Schedl, 1975 
(Froggatt 1926; Jordal 
2015)) 
 Platypus subgranosus  
Schedl, 1936 
 (Candy 1990; Elliott et 
al. 1987; Harris et al. 
1975; Hogan 1948; 
Schedl & Lienz 1979) 
 Platypus tasmanicus  
Schedl, 1942 
  
 Platypus 
transvescarinatus  
Schedl, 1942b 
  
 Platypus tubercolosus 
Strohmeyer, 1910 
 (D. Kent pers. obs.) 
Treptoplatypus 
Schedl, 1972a 
Treptoplatypus 
crenatus  
(Chapuis, 1865) 
Platypus crenatus  
Chapuis, 1865 
Platypus australis  
Chapuis, 1865 
(Lea, 1904; Froggatt, 
1926; Jordal 2015) 
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 Treptoplatypus solidus 
(Walker 1859) 
Platypus solidus  
Walker, 1859 
Platypus caudatus 
Motschulsky, 1863 
Platypus cordatus  
Motschulsky, 1863 
Platypus pilifrons  
Chapuis, 1865 
Platypus solidus exilis 
Chapuis, 1865 
Platypus solidus 
obstusus 
Chapuis, 1865 
Platypus solidus rudis 
Chapuis 1865 
(Jordal 2015) 
 
Diapus 
Chapuis, 1865 
Diapus pusillimus  
Chapuis, 1865 
Crossotarsus grevilleae  
Lea, 1904 
(Beaver 2000; Jordal 
2015; Smith 1935) 
 Diapus 
quinquespinatus 
Chapuis, 1865 
 (Beaver 2000; Jordal 
2015; Nakashima 1975) 
Notoplatypus 
Lea, 1909 
Notoplatypus 
elongatus  
Lea, 1909 
 (Jordal et al. 2011; 
Jordal 2015) 
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Appendix 2. Host tree list of Australian pinhole borers 
 
Table A-2. Documented host trees of Australian Platypodinae. References refer to: 1) unpublished 
host tree list (Kent, unpublished), 2) Wood & Bright 1992, 3) specimen data, 4) Kent 2010, 5) Beaver 
& Shih 2003, 6) Kubono & Ito 2002, 7) Bright & Stark 1963, * unrecognised name. 
Genus Species Host tree family Host tree species 
Austroplatypus incompertus Myrtaceae Corymbia gummifera1  
Eucalyptus agglomerata1 
Eucalyptus andrewsii4 
Eucalyptus baxteri1  
Eucalyptus botryoides1  
Eucalyptus cameroni4 
Eucalyptus consideniana1 
Eucalyptus deanei3 
Eucalyptus delegatensis1 
Eucalyptus eugenioides1 
Eucalyptus fastigata1 
Eucalyptus globoidea1  
Eucalyptus globulus1 
Eucalyptus laevopinea1  
Eucalyptus macrorrhyncha1  
Eucalyptus muelleriana1 
Eucalyptus obliqua1  
Eucalyptus pilularis1 
Eucalyptus piperita1 
Eucalyptus radiata1  
Eucalyptus resinifera 1 
Eucalyptus sieberi4 
Baiocis pernanulus Moraceae 
Fagacaea 
Dipterocarpacaea 
Lauracaea 
Celastraceae 
Euphorbiaceae 
Sapindaceae 
 
Artocarpus lacucha2 
Castanopsis inermis2 
Dryobalanops aromatica2 
Litsea reticulata1  
Lophopetalum sp. 2 
Macaranga denticulata1 
Sapium eugeniaetulia2* 
Pometia sp. 1 
Shorea leprosula1 
Crossotarsus armipennis Myrtacaea 
Elaeocarpaceae 
 
Corymbia maculata1, 3  
Sloanea australis1  
Corymbia gummifera1 
 chalcographus Calophyllaceae 
Fagaceae 
 
Calophyllum inophyllum2 
Castanopsis 
accuminatissima2 
Lithocarpus aspericupulus2 
 externedentatus Fabaceae 
Anacardiaceae 
Burseraceae 
Fagacaea 
Casuarinaceae 
Bauhinia sp2 
Buchanania sp.2 
Canarium euphyllum2 
Cassia sp.2 
Castanopsis cuspodata2 
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Meliacea 
Malvaceae 
Dipterocarpaceae 
Combretaceae 
Caricaceae 
Lauraceae 
Leguminosae 
Taxodiaceae 
Rosaceae 
Moraceae 
Myrtacaeae 
Castanopsis tribuloides2 
Casuarina equisetifolia2 
Cedrela odorada2 
Ficus retusa2 
Heritiera fomes2 
Machilus thunbergii2 
Odina wodier2 
Quercus sp.2 
Shorea sp.2 
Terminalia tomentosa2 
Carica papaya5 
Cinnamomum camphora2, 5 
Leucaena glauca5 
Cryptomeria japonica5 
Brownea sp.5 
Prunus mume5 
Ficus sycomorus6 
Eucalyptus sp.7 
 indomitus   
 lacaordairei   
 mniszechi Phyllanthacaea 
Annonaceae 
Anacardiaceae 
Fabaceae 
Achariaceae 
Sapindaceae 
Lamiaceae 
Antidesma sp.2 
Cananga odorata2 
Dracontomelum sp.2 
Maniltoa sp.2 
Pangium sp.2 
Polyalthia sp.2 
Pometia pinnata1 
Vitex sp.2 
 nitescens Araucariaceae 
Burseraceae 
Elaeocarpaceae 
Myrtaceae 
Rutaceae 
Fabaceae 
Cunoniaceae 
Araucaria cunninghamii2 
Canarium australasicum1  
Elaeocarpus sp. 1  
Syzygium gustavoides2 
Euodia sp.2 
Pithecellobium sp.2 
Schizomenia ovata2* 
 subpellucidus Malvaceae Pterocymbium becarii1 
Dinoplatypus cupulatus Araucariaceae 
Asparagaceae 
Fabaceae 
Malvaceae 
Euphotbiaceae 
Dipterocarpaceae 
Bignoniaceae 
Apocynaceae 
Elaeocarpaceae 
Euphorbiaceae 
Lauraceae 
Moraceae 
Clusiaceae 
Thymelaeaceae 
Ixonanthaceae 
Agathis alba2 
Agave sisalana2 
Falcataria moluccana1 
Bombax ceiba2 
Coelostegia griffithii2 
Croton sp.2 
Dipterocarpus gracilis2 
Dolichandrone stipulata2 
Dryobalanops oblongifolia2 
Durio carinatus2 
Dyera costulata2 
Elaeocarpus ganitrus2 
Endospermum diadenum2 
Albizia saman2 
Syzygium glomeruliferum2 
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Anacardiaceae 
Sytracaceae 
Lamiaceae 
Combretaceae 
 
Syzygium cumini2 
Eusideroxylon zwageri2 
Ficus racemosa2 
Garcinia sp.2 
Gonystylus sp.3 
Hevea brasiliensis2 
Intsia palembanica 2 
Ixonanthes reticulata2 
Lannea coromandelica2 
Shorea guiso2 
S. leprosula2 
S. maxwelliana2 
S. ovalis2 
S. robusta2 
S. uliginosa2 
Styrax benzoin2 
Swintonia floribunda2 
Tectona grandis2 
Terminalia bellerica2 
T. catappa2 
Vatica stapfiana2 
Xylia xylocarpa2 
 forficula Malvaceae 
Moraceae 
Rhizophoraceae 
Sapotaceae 
Fagaceae 
Fabaceae 
Dipterocarpaceae 
Anacardiaceae 
Malvaceae 
Schoutenia ovata2 
Artocarpus elastica2 
Bruguiera parviflora2 
Chrysophyllum roxburghii2 
Castanopsis 
acuminatissima1 
Koompassia excelsa2 
K. malaccensis2 
Rhizophora mucronata2 
Shorea leprosula2 
Shorea sp.3 
Sinodora sp.2 
Spondias pinnata2 
Sterculia foetida2 
 lepidus Fabaceae 
Meliaceae 
Moraceae 
Theaceae 
Fagaceae 
Anacardiaceae 
Euphorbiaceae 
Myrtaceae 
Malvaceae 
Millettiidae 
Sapindaceae 
Rubiaceae 
Dipterocarpaceae 
Lamiaceae 
Polygalaceae 
Callerya atropurpurea2 
Albizzia shinensis2 
Aphanamixis polystachya2 
Artocarpus introcha2* 
Camellia sinensis2 
Castanopsis tribuloides2 
Drimycarpus racemosus2 
Elateriospermum tapos2 
Endospermum diadenum2 
Eugenia spp.2 
Ficus racemosa2 
Hevea brasiliensis2 
Hibiscus sp.2 
Lannea coromandelica2 
Millettia pendula2 
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Parkia speciosa2 
Pithecollobium sp.2 
Pometia sp.2 
Nauclea orientalis2 
Shorea leprosula2 
Sterculia macrophylla2 
Tectona grandis2 
Vatica lanceaefolia2 
Xanthophyllum lanceatum2 
 luniger Meliaceae 
Boraginaceae 
Moraceae 
Sabiaceae 
Amoora sp.2 
Ehretia acuminata2 
Ficus minahasse2 
Meliosma simplicifolia2 
 pallidus Lavaceae Pterocymbium beccarii2 
 pseudocupulatus Asparagaceae 
Euphorbiaceae 
Apocynaceae 
Arecaceae 
Araliaceae 
Moraceae 
Picrodendraceae 
Anacardiaceae 
Fabaceae 
Fagaceae 
Sapotaceae 
Dipterocarpaceae 
Malvaceae 
Myrtaceae 
Clusiaceae 
Lamiaceae 
Thymelaeaceae 
Lauraceae 
Celastraceae 
Anacardiaceae 
Sapindaceae 
Rhizophoraceae 
Styracaceae 
Combretaceae 
Polgalaceae 
Annonaceae 
Agave sisalana2 
Aleurites moluccanus2 
Alstonia sp.2 
Arenga sp.2 
Polyscias diversifolia2 
Artocarpus elasticus2 
Artocarpus lacucha2 
Austrobuxus nitidus2 
Bouea sp.2 
Senna siamea2 
Castanopsis sp.2 
Chrysophyllum roxburghii2 
Dalbergia latifolia2 
Dryobalanops aromatica2 
Dyrobalanops oblongifolia2 
Durio sp.2 
Elateriospermum tapos2 
Endospermum diadenum2 
Erythrina sp.2 
Eucalyptus deglupta2 
Ficus elastica2 
Garcinia sp.2 
Gmelina arborea2 
Gonystylus bancanus2 
Heritiera trifolia2* 
Hevea brasiliensis2 
Lithocarpus wallichianus2 
Litsea megacarpa2 
Lophopetalum sp.2 
Mangifera sp.2 
Millettia xylocarpia2 
Parkia speciosa2 
Pithecellobium sp.2 
Pometia sp.2 
Pouteria malaccensis2 
Rhizophora apiculata2 
Saraca sp.2 
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Shorea leprosula2 
Shorea maxwelliana2 
Shorea parvifolia2 
Shorea pauciflora2 
Sterculia foetida2 
Sterculia macrophylla2 
Styrax benzoin2 
Terminalia belerica2 
Xanthophyllum spp.3 
Xylopia caudata2 
Euplatypus parallelus Araucariaceae 
Malvaceae 
Poaceae 
Fabaceae 
Myrtaceae 
Salicaceae 
Lythraceae 
 
Araucaria cunninghamii1  
Brachychiton acerifolius1 
Chloris gayana1 
Colvillea racemosa1 
Delonix regia1 
Corymbia maculata1  
Homalium foetidum1 
Lagerstroemia sp. 1  
Oryza sativa1 
Pterocymbium beccarii1  
Persea americana3 
Platypus apicalis Asparagaceae 
Pinaceae 
Cordyline australis2 
Pseudotsuga menziesii3 
 bifurcus Dipterocarpaceae 
Euphorbiaceae 
Tetramelaceae 
Sapotaceae 
 
Neobalanocarpus heimii2 
Cotylelobium sp.2 
Dipterocarpus grandiflorus2 
Dryobalanops aromatica2 
Endospermum diadenum1 
Hopea sp.2 
Octomeles sp.2 
Palaquium sp.2 
Parashorea lucida2 
Parashorea malaanonan 2 
Pentacme sp.2 
Shorea bentongensis2 
Shorea bracteolata2  
Shorea dasyphylla2 
Shorea leprosula2 
Shorea negrosensis2 
Shorea parvifolia2 
Shorea singkawang2 
 carbonescens Lauraceae Beilschmiedia bancroftii2 
 curtus 
 
 
Dipterocarpaceae 
Malvaceae 
Euphorbiaceae 
Fabaceae 
Rosaceae 
Anacardiaceae 
 
4Beaver 2003: 
Outside Taiwan sp. 
Neobalanocarpus heimii2 
Dipterocarpus baudii2 
D. crinitus2 
Dryobalanops aromatica2 
Durio carinatus2 
Endospermum diadenum2 
Hopea odorata2 
Intsia palembanica2 
Koompassia excelsa2 
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shows preference for 
Dipterocarpaceae 
Parashorea lucida2 
Shorea bentogensis2* 
Shorea faguetiana2 
Shorea leprosula2 
Spiraea tomentosa2  
Spiraea robusta2 
Spiraea pauciflora2 
Spiraea henryana2 
Spiraea uliginosa2 
Swintonia floribunda2 
 dentipennis Proteaceae Hakea sericea2 
 froggatti Araucariaceae 
Moraceae 
Lauraceae 
Dipterocarpaceae 
Meliaceae 
Araucaria cunninghami1  
Ficus watkinsiana1  
Litsea reticulata1  
Shorea sp. 1  
Aglaia sp. 1 
 geminatus Araucariaceae 
Fabaceae 
Escalloniaceae 
Malvaceae 
Agathis sp1. 
Albizzia sp.2 
Araucaria sp. 
Cassia javanica2 
Polyosoma sp.2 
Scaphium affine2 
 gerstaeckeri Meliaceae Swietenia macrophylla2 
 hastulifer   
 hospes Anacardiaceae Campnosperma sp.2 
 hybridus Annonaceae 
Ebenaceae 
Sabiaceae 
Anacardiaceae 
Dipterocarpaceae 
Alphonsea ventricosa2 
Diospyros sundaica2 
Meliosma simplicifolia1 
Odina wodier2 
Shorea leprosula2 
 jansoni Fabaceae 
Apocynaceae 
Dipterocarpaceae 
Moraceae 
Rubiaceae 
Araucariaceae 
Anacardiaceae 
Rhizophoraceae 
Arecaceae 
Mrliaceae 
Euphorbiaceae 
Rutaceae 
Burseraceae 
Salicaceae 
Urticaceae 
Lauraceae 
Myristicaceae 
Tetramelaceae 
Sapotaceae 
Sapindaceae 
Malvaceae 
Albizzia sp.2 
Alstonia scholaris2 
Althoffia sp.2 
Anisoptera sp.2  
Antiaris toxicaria 
Anthocephalus sp.2 
Araucaria cunninghamii2 
Araucaria hunsteinii1 
Artocarpus elasticus2  
Artocarpus altilis1 
Artocarpus incisa2 
Buchanania sp.2 
Carallia sp.2 
Cocos nucifera2 
Dalbergia latifolia2 
Dysoxylum sp.2 
Endospermum 
medullosum2 
Evodia sp.2 
Ficus sp.2 
Garuga sp.2  
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Elaeocarpaceae 
Lamiaceae 
Combretaceae 
Cannabaceae 
Polygalaceae 
Homalium foetidum1 
Hevea brasiliensis2 
Intsia bijuga2 
Loportea sp.2* 
Litsea domarensis2 
Macaranga sp.2 
Mangifera indica2 
Mangifera minor2 
Millettia xylocarpia2 
Myristica sp.2 
Octomeles sumatrana2 
Parkia speciosa2 
Planchonella sp.2 
Polyathis sp.2* 
Pometia pinnata 
Pterocymbium beccarii2 
Sloanea forbesii2 
Spondias sp.2 
Pterocymbium tinctorium2 
Sterculia foetida2 
Tectonus grandis2 
Terminalia brassii2 
Theobroma cacao2 
Trema orientalis2 
Xanthophyllum sp.2 
 lineellus   
 norfolkensis Malvaceae Lagunaria patersonia2 
 omnivorous Fabaceae 
Araucariaceae 
Euphorbiaceae 
Acanthaceae 
Casuarinaceae 
Lauraceae 
Ebenaceae 
Atherospermataceae 
Elaeocarpaceae 
Myrtaceae 
Rutaceae 
Moraceae 
Cunoniaceae 
Arecaceae 
Nothofagaceae 
Elaeocarpaceae 
Araliaceae 
Acacia spp.2 
Araucaria cunninghamii1  
Argyrodendron sp. 1  
Avicennia marina1  
Casuarina torulosa1  
Cinnamomum oliveri1  
Diospyros kaki1 
Doryphora aromatica1  
Doryphora sassafras1  
Elaeocarpus sp. 1  
Endiandra sp. 1  
Eucalyptus grandis1 
Eucalyptus saligna 1 
Eucalyptus tereticornis1  
Euodia sp.1  
Ficus macrophylla1  
Flindersia australis1  
Flindersia brayleyana1 
Flindersia pubescens1  
Flindersia schottiana1  
Flindersia xanthoxyla1  
Geissois benthamii1  
Howeia forsteriana1 
Nothofagus cunninghamii1 
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Sloanea australis1  
Sassafras sp. 3 
Tieghemopanax elegans1 
 pallidus Malvaceae Pterocymbium beccarii1 
 pilidens   
 quadrincintus   
 queenslandi Rhamnaceae 
Araucariaceae 
Burseraceae 
Myrtaceae 
Lauraceae 
Juglandaceae 
Alphitonia petriei2 
Araucaria cunninghamii1  
Canarium australianum1 
Eucalyptus saligna1  
Eucalyptus sp. 1  
Endiandra sp. 1  
Flindersia schottiana1 
Juglans sp.2 
 scalaris Elaeocarpaceae 
Lauraceae 
Elaeocarpus sp.3 
Flindersia pubescence2 
 semigranosus Araucariaceae 
Euphorbiaceae 
Lauraceae 
Cunoniaceae 
Elaeocarpaceae 
Myrtaceae 
Rutaceae 
Zygophyllaceae 
Protaceae 
Araliaceae 
Pinaceae 
Sapotaceae 
Lamiaceae 
Cunoniaceae 
 
Araucaria cunninghamii1  
Argyondendron sp. 1  
Cinnamomum sp. 1 
Ceratopetalum apetalum1 
Elaeocarpus sp. 1  
Eucalyptus fastigata1  
Eucalyptus saligna1  
Eucalyptus tereticornis1  
Syzygium gustavioides1 
Flindersia schottiana1  
Guaiacum officinale1  
Neorites kevediana1 
Panax sp. 1  
Pinus radiatta1  
Beccariella queenslandica1 
Vitex lignum-vitae1 
Schizomeria ovata1 
Sloanea australis 1 
Polyscias elegans1 
 subgranosus Araucariaceae 
Malvaceae 
Myrtaceae 
Nothofagaceae 
Tetramelaceae 
Salicaceae 
Araucaria cunninghamii 1 
Brachychiton populneus1  
Brachychiton acerifolius1 
Eucalyptus grandis1  
Corymbia maculata1 
Nothofagus cunninghamii1  
Octomeles sumatrana1 
Pterocymbium beccarii1  
Scolopia braunii1 
 tasmanicus   
 transversecarinatus   
 tuberculosus Myrtaceae Eucalyptus cypellocarpa1 
Eucalyptus nitens1  
Eucalyptus ovata1  
Eucalyptus rubida1  
Eucalyptus obliqua1 
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Treptoplatypus crenatus Fabaceae 
Rhamnaceae 
Araucariaceae 
Malvaceae 
Lauraceae 
Elaeocarpaceae 
Myrtaceae 
Moraceae 
Rutaceae 
Protaceae 
Tetramelaceae 
Sapotaceae 
Polygalaceae 
Acacia decurrens1  
Alphitonia excelsa1  
Araucaria cunninghamii1  
Heritiera actinophylla1 
Heritiera peralata1 
Beilschmiedia obtusifolia1 
Castanospermum australe1  
Cinnamomum laubatii1  
Cinnamomum oliveri1  
Elaeocarpus serratus1 
Syzygium gustavioides1  
Ficus sp. 1  
Flindersia australis1  
Flindersia brayleyana1 
Flindersia schottiana1  
Litsea reticulata1  
Neorites kevediana1 
Octomeles sumatrana1  
Beccariella queenslandica1 
Pterocarpus dalbergioides1 
Pterocymbium beccarii1 
Sassafras sp.3  
Sloanea australis1 
Streblus pendulinus1  
Xanthophyllum octandrum1 
 solidus Fabaceae 
Rubiaceae 
Dipterocarpacaea 
Combretaceae 
Moraceae 
Malvaceae 
Anacardiaceae 
Burseraceae 
Betulaceae 
Rutaceae 
Arecaceae 
Malvaceae 
Bignoniaceae 
Atherospermataceae 
Lythraceae 
Euphorbiaceae 
Lamiaceae 
Ulmaceae 
Lauraceae 
Sapotaceae 
Malvaceae 
Sapindaceae 
Theaceae 
Bignoniaceae 
Styracaceae 
Magnoliaceae 
Senegalia catechu2 
Acrocarpus fraxinifolia2 
Adina spp.2 
Instia palembancia2 
Albizzia spp.2 
Anisoptera sp.2 
Anogeissus latifolia2 
Neolamarckia cadamba2 
Artocarpus spp.2 
Bombax ceiba2 
Buchanania spp.2 
Butea spp.2 
Canarium strictum2 
Carpinus laxiflora2 
Chloroxylon swietenia2 
Cocos nucifera2 
Cullenia zeylanica2 
Dalbergia latifolia2 
Dalbergia sissoo2 
Dipterocarpus gracilis2 
Dolichandrone stipulata2 
Doryphora aromatica2 
Drimycarpus racemosus2 
Dryobalanops oblongifolia2 
Duabanga grandiflora2 
Elateriospermum tapos2  
108 
 
 
Tetramelaceae Garuga pinnata2 
Gmelina arborea2 
Hevea brasiliensis2 
Holoptelea integrifolia 2 
Litsea monopetala2 
Mallotus paniculatus2 
Mangifera indica2 
Neonauclea sessilifolia2 
Lannea coromandelica2  
Palaquium sp.2 
Pterospermum acerifolium2  
Bomax ceiba2 
Schleichera oleosa2 
Schima wallichii2 
Semecarpus heterophylla2 
Shorea leprosula2 
Shorea robusta2 
Pterocymbium tinctorium2 
Sterculia villosa2 
Stereospermum 
chelonoides2 
Styrax benzoin2 
Swintonia floribunda2 
Syzygium cumini2 
Magnolia hypolampra2 
Tamarindus indica2 
Tamarindus tomentosa2* 
Tetrameles nudiflora2  
Diapus pusillimus Fabaceae 
Araucariaceae 
Dipterocarpaceae 
Altingiaceae 
Lauraceae 
Burseraceae 
Fagaceae 
Cannabaceae 
Anacardiaceae 
Apocynaceae 
Elaeocarpaceae 
Myrtacaea 
Moraceae 
Clusiaceae 
Protaceae 
Nothofagaceae 
Sapotaceae 
Sapindaceae 
Malvaceae 
Combretaceae 
Polygalaceae 
Intsia bijuga2 
Intsia palembanica2 
Agathis alba1  
Falcataria moluccana2 
Anisoptera sp.2 
Araucaria cunninghamii 
Altingia excelsa 2 
Neobalanocarpus heimii2  
Beilschmiedia obtusifolia2 
Canarium sp.2 
Castanopsis sp.2 
Celtis sp.2 
Cryptocarya sp.2 
Dipterocarpus sp.2 
Dracontomelon sp.2 
Dryobalanops aromatica2 
Dyera costulata2  
Elaeocarpus sp. 
Endiandra palmerstonii3 
Corymbia torelliana  
Syzygium argutata2  
Syzygium gustavioides1  
Ficus spp.2 
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Garcinia sp.2 
Grevillea robusta2  
Lithocarpus sp.2 
Mangifera sp.2 
Nothofagus pullei2 
Planchonella samoensis 2 
Pometia sp.2 
Pterocymbium sp.2 
Shorea bracteolata2 
Shorea kunstleri 2 
Shorea leprosula 2 
Shorea singkawang2 
Sloanea sp.2 
Sterculia sp.2 
Terminalia brassii2 
Xanthophyllum sp.2 
 quinquespinatus Fabaceae 
Araucariaceae 
Moraceae 
Dipterocarpaceae 
Burseraceae 
Fagaceae 
Anacardiaceae 
Malvaceae 
Apocynaceae 
Meliaceae 
Arecaceae 
Euphorbiaceae 
Myrtaceae 
Gentianaceae 
Phyllanthaceae 
Symplocaceae 
Myristicaceae 
Anacardiaceae 
Rubiaceae 
Sapotaceae 
Sapindaceae 
Rosaceae 
Elaeocarpaceae 
Lamiaceae 
Combretaceae 
 
Intsia palembanica2 
Agathis alba2 
Araucaria hunsteinii2 
Artocarpus chaplasha2 
Artocarpus elastocus2 
Neobalanocarpus heimii2 
Canarium euphyllum2 
Castanopsis argentea2 
Castanopsis tribuloides2 
Dipterocarpus cornutus2 
Dipterocarupus gracilis2 
Dracontomelon sp.2 
Drybalanops aromatica2 
Durio zibethinus2 
Dyera costulata2 
Dysoxylum ficiforme2 
Elaeis guineensis2 
Elateriospermum tapos2 
Endospermum diadenum2 
Eucalyptus grandis2 
Syzygium acutatum2 
Crytophyllum giganteum2 
Glochidion sp.2 
Symplocos sp.2 
Horsfieldia glabra2 
Mangifera indica2 
Neonauclea sp.2 
Lithocarpus sundaicus2 
Shorea siamensis2 
Planchonella samoensis2 
Pometia sp.2 
Pterocymbium beccarii1  
Pygeum griseum2 
Quercus ilex2 
Castanopsis indica2 
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Nauclea orientalis2 
Shorea assamica2 
Shorea bentongensis2 
Shorea bracteolata 2 
Shorea faguetiana2 
Shorea kunstleri2 
Shorea leprosula2 
Shorea parvifolia2 
Shorea robusta2 
Sindora sp.2 
Sloanea sigun2 
Tectona grandis2 
Terminalia belerica2 
Terminalia calamansanay2 
Terminalia citrina2 
Vatica lanceaefolia2 
Notoplatypus elongatus Myrtaceae Eucalyptus acmenioides2 
Eucalyptus agglomerata3 
Eucalyptus camaldulensis3 
Eucalyptus crebra1 
Eucalyptus deanei3 
Eucalyptus drepanophylla2 
Eucalyptus marginata3 
Eucalyptus microcorys3 
Eucalyptus pilularis3 
Eucalyptus scias2 
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Appendix 3. Distribution maps of Australian pinhole borers 
 
All figures included here highlight the distribution of Australian pinhole borers (represented 
by blue dots) along with the ranges of their respective host trees (represented by shaded 
squares, ranging from yellow to red). The relative density of host tree species are explained 
in the following table: 
 
Table A-3. The yellow to red colour range represent relative densities of trees. "Class" represents the 
number of individuals in the shaded box (generated by ALA (Atlas of Living Australia 2016). 
 
 
Each square on the following maps incorporate pooled host tree occurrence records from 
ALA (Atlas of Living Australia 2016). Absence of shading indicates an absence of host tree 
occurrence records in the area. Offshore findings include Lord Howe Island and Norfolk 
Island.  
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 Figure A-1. Austroplatypus incompertus 
 
Figure A-2. Baiocis pernanulus 
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Figure A-3. Crossotarsus armipennis 
 
Figure A-4. Crossotarsus externedentatus 
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Figure A-5. Crossotarsus mniszechi
 
Figure A-6. Crossotarsus nitescens 
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Figure A-7. Crossotarsus subpellucidus 
 
 
Figure A-8. Dinoplatypus pallidus 
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Figure A-9. Dinoplatypus pseudocupulatus
 
Figure A-10. Euplatypus parallelus 
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Figure A-11. Platypus carbonescens 
 
 
Figure A-12. Platypus dentipennis 
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Figure A-13. Platypus froggatti
 
Figure A-14. Platypus hastulifer 
119 
 
 
 
Figure A-15. Platypus norfolkensis
 
Figure A-16. Platypus omnivorus 
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Figure A-17. Platypus queenslandi
 
Figure A-18. Platypus scalaris 
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Figure A-19. Platypus semigranosus
 
Figure A-20. Platypus subgranosus 
122 
 
 
 
Figure A-21. Platypus tasmanicus 
 
Figure A-22. Platypus tuberculosus 
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Figure A-23. Treptoplatypus crenatus
 
Figure A-24. Treoptoplatypus solidus 
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Figure A-25. Diapus pusillimus 
 
 
Figure A-26. Notoplatypus elongatus
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Appendix 4. Comments about the biogeography of Australian pinhole borers 
 
Table A-4. Summary of distribution and host ranges, with comments, on the maps produced in this study. 
Species Northern most 
population 
Southern most 
pop. 
Distribution 
connectivity 
Host tree range Host tree 
densities 
Comments 
Austroplatypus 
incompertus 
Northern NSW Central-Vic Disjoint 
connectivity, with 
three populations 
across species 
range 
Northern Qld to 
Southern Tas. 
Also in SA, and 
some in Perth, 
WA 
Sparse 
distribution 
throughout QLD 
and WA, dense 
distribution in 
NSW, Vic, Tas, 
and SA 
No occurrence 
records from Tas 
despite high host 
tree densities 
Baiocis 
pernanulus 
Northern Qld Southern NSW Disjoint 
connectivity, with 
three populations 
across species 
range 
Northern and 
central Qld; and 
complete 
distribution 
throughout NSW 
All host trees 
have sparse 
distributions, with 
densities 
increasing in 
eastern NSW 
All occurrence 
records are 
located near 
major cities. This 
may not be 
indicative of true 
species range 
Crossotarsus 
armipennis 
Northern Qld Northern Vic Disjoint 
connectivity. No 
intervening 
occurrences 
between 
northernmost Qld 
population and 
NSW/Vic 
populations 
Disjoint 
connectivity. 
Northern Qld, 
then complete 
distribution from 
southern Qld to 
southern Vic 
Sparse 
distribution 
throughout Qld, 
with densities 
increasing 
through NSW and 
northern Vic 
Occurrence 
records 
correspond well 
with host tree 
distribution, 
indicating this 
species has been 
well sampled 
across ranges 
Crossotarsus 
externedentatus 
Sydney N/A All specimens 
found in Sydney 
Large range, 
spanning coasts 
of NSW, Qld, and 
Much of the 
distribution is 
sparse, with 
No significant 
established 
populations of 
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NT. Several 
suitable habitats 
in Vic, Tas, and 
WA as well 
dense 
concentrations of 
host trees in 
Sydney region, 
and southern Qld 
this species has 
been recorded in 
Australia 
Crossotarsus 
mniszechi 
Far north 
Queensland 
N/A All occurrences in 
far north 
Queensland 
Distribution 
spanning 
northern 
Queensland on 
the east coast 
Sparse 
distribution 
across the range. 
Host tree 
distribution 
mostly connected 
All occurrences 
have only been 
found in far north 
Queensland, 
further 
populations could 
be found in more 
southern 
localities 
Crossotarsus 
nitescens 
Northern 
Queensland 
Southern 
Queensland 
Large population 
has been sampled 
in northern 
Queensland, 
whereas one 
individual found 
east of Brisbane 
Distribution 
spanning from 
northern 
Queensland to 
central NSW 
Distribution is 
patchy 
throughout 
Queensland, with 
connectivity 
established in 
southern Qld to 
NSW 
Species seems to 
be concentrated 
in northern 
Queensland. 
Individual found 
in southern Qld 
might be an 
overseas 
intercept 
Crossotarsus 
subpellucidus 
Northern 
Queensland 
Northern NSW Two major 
hostspots of 
species 
populations 
occur, with no 
intervening 
occurrences 
between 
northern Qld and 
northern NSW 
N/A N/A Species 
distribution may 
be connected. 
Further sampling 
of species and 
host trees will 
highlight true 
range size 
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Dinoplatypus 
pallidus 
Northern 
Queensland 
Southern 
Queensland 
Highly disjoint 
connectivity, with 
two individuals 
recorded in far 
north Qld, and 
the other in 
Cooloola 
 
N/A N/A Only three 
individuals have 
been recorded. 
This species may 
have a large 
distribution 
Dinoplatypus 
pseudocupulatus 
Far north 
Queensland 
Mid NSW Disjoint 
connectivity, with 
several 
occurrences from 
far north Qld, 
southern Qld, and 
central NSW, with 
no intervening 
populations 
Large range, 
spanning from far 
north Qld to 
southern NSW. 
Several host trees 
have also been 
recorded in 
Melbourne, and 
the Top End of 
the NT 
Sparse densities 
across range size. 
Most populations 
connected, with 
some 
discontinuous 
ranges 
throughout Qld 
and northern 
NSW 
Species may have 
larger 
distributions than 
what has been 
discovered. 
Intervening 
populations may 
be found in host 
tree ranges 
Euplatypus 
parallelus 
Southern 
Queensland - 
Brisbane 
N/A One primary 
population in and 
around Brisbane 
Large range, 
spanning the east 
coast of Australia, 
with intervening 
ranges in central 
regions, southern 
coast, and south-
west coast 
Host trees most 
dense on NSW 
coastline. All 
other ranges have 
sparse 
distribution 
This population in 
Brisbane could 
have been 
established from 
an international 
port of entry. Has 
the potential to 
spread across 
Australia due to 
high presence of 
suitable hosts 
Platypus 
carbonescens 
North 
Queensland 
N/A Population is 
concentrated in 
Northern Qld, 
north of the 
Daintree forest 
Host tree range in 
Northern Qld, 
spanning from 
Cape Melville 
Host trees are 
sparsely 
distributed 
throughout North 
Qld. 
Based on host 
tree data, species 
may only be 
found in Northern 
Queensland 
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down to the 
Daintree 
Platypus 
dentipennis 
North 
Queensland 
N/A Occurrence only 
recorded for 
North 
Queensland 
Host tree range 
spans northern 
NSW to southern 
Vic 
Host trees are 
sparsely and 
patchily 
distributed, with 
low connectivity 
between patches 
Only one 
available 
occurrence 
record could be 
mapped. Further 
sampling of this 
species is needed, 
and host trees 
need further 
records to reflect 
potential 
distribution 
Platypus froggatti Northern NSW N/A Occurrence 
records are 
disjoint across 
northern NSW, 
with two 
occurring on the 
coast, with 
another 
population more 
inland 
Host tree range 
spans from far 
north Qld to 
northern NSW. 
Host trees are 
sparsely 
distributed, with 
discontinuous 
ranges occurring 
in Northern 
Queensland. 
Dense locality of 
host trees found 
on the eastern 
coast of the 
NSW/QLD border 
Tree records align 
with the east 
coast population 
of beetles. The 
inland population, 
however, does 
not overlap with 
any host tree 
records. This 
species may be 
restricted to 
northern NSW 
Platypus 
hastulifer 
Northern NSW N/A Four individuals 
have been 
collected from 
one locality, 
Tomewin 
N/A N/A Available 
occurrence 
records are 
restricted to the 
one locality. 
Without host tree 
records, it is 
unknown where 
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other populations 
may be found 
Platypus 
norfolkensis 
Norfolk Island N/A All individuals and 
populations have 
only been found 
on Norfolk Island 
Host tree ranges 
throughout inland 
northern Qld, 
Northern NSW to 
southern Vic, and 
along the St 
Vincent and 
Spencer gulfs of 
SA 
Host trees are 
sparsely and 
patchily 
distributed. Only 
one well 
connected range 
exists along the 
NSW coast 
As indicated by 
the name, and 
records, this 
species may be 
endemic to the 
island 
Platypus 
omnivorus 
Northern NSW Southern NSW Populations have 
a continuous 
distribution 
across the NSW 
coast, with 
further 
populations 
found on Lord 
Howe Island 
Host tree ranges 
from far north 
Qld to southern 
Tasmania. Host 
trees also span 
the St Vicent and 
Spencer gulfs of 
SA, and also along 
with WA and NT 
northern coast 
lines 
Host trees are 
well connected 
along the eastern 
coast and in Tas, 
with dense 
regions occurring 
in northern QLD, 
NSW, South Vic, 
and central Tas. 
Other known 
occurrences of 
host trees are 
patchily 
distributed across 
the coast 
Due to the large 
number of 
samples and 
overlap with 
dense host tree 
occurrences, this 
species may be 
restricted to NSW 
and Lord Howe 
Island 
Platypus 
queenslandi 
Northern 
Queensland 
Central NSW Populations are 
continuously 
spread across the 
northern QLD 
coastline, 
whereas the one 
individual found 
in NSW was found 
There is a 
complete host 
tree range across 
the northern 
coast of WA, NT, 
Qld, and along 
the eastern coast 
of Australia 
Host trees are 
well connected 
along the coast, 
with dense ranges 
in northern NSW 
Populations of 
this species seem 
to be 
concentrated in 
northern Qld, 
however, due to 
the occurrence of 
an individual in 
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in Lisarow, north 
of Sydney 
NSW, this species 
may have a larger 
range, with 
intermediary 
populations in 
southern Qld 
Platypus scalaris Northern 
Queensland 
N/A Only one 
population has 
been accounted 
for, located in Mt. 
Fox 
 
 
N/A N/A Three available 
occurrence 
records exist for 
this species, 
located at Mt. 
Fox. Without 
available host 
tree data, the 
extent of this 
species is 
unknown 
Platypus 
semigranosus 
Northern 
Queensland 
North of 
Melbourne 
One population 
exists in northern 
Queensland, 
whereas there is 
a continuous set 
of populations 
ranging from 
southern Qld to 
northern Vic. 
Complete stretch 
of host trees from 
far north 
Queensland to 
south eastern SA 
along the coast. 
All of Tas covered 
in host tree 
ranges. Host tree 
range extends 
into central Qld 
The eastern 
stretch of host 
tree range are 
continuous, with 
only one 
discontinuity in 
Cape Melville. 
Dense patches of 
host trees 
coincide with 
beetle 
distribution 
ranges. Patches of 
host trees occur 
in central Qld, 
and in WA 
Based on the 
disjointed 
populations in the 
north and south, 
and their co-
occurrences with 
host tree ranges, 
this species may 
have other 
populations in 
mid-to-southern 
Qld, southern Vic, 
and in Tas. 
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Platypus 
subgranosus 
Southern 
Queensland 
Southern 
Tasmania 
Populations 
highly disjointed 
in mainland 
Australia, with 
only two 
populations 
sampled. 
Populations in 
mainland 
Tasmania highly 
connected 
Host trees span 
the Eastern 
Australian coast. 
Host tree ranges 
also extend into 
mainland 
Australia 
Host tree ranges 
are continuous, 
with small breaks 
in far north 
Queensland. High 
density patches 
occur through 
Northern to mid-
NSW, Melbourne 
Victoria, and 
across Central 
Tasmania 
Populations are 
widespread 
across Tasmania, 
and these 
populations are 
known to spread 
pathogens. No 
diseases have 
been recorded in 
mainland 
populations 
Platypus 
tasmanicus 
Southern 
Queensland 
Tasmania One individual 
has been 
recorded from 
the Samford 
Valley, north east 
of Brisbane 
N/A N/A Only one 
occurrence 
record was 
available for this 
species. Primary 
taxonomic 
descriptions state 
the holotype was 
found in 
Tasmania. Further 
populations could 
be found in other 
Tasmanian 
regions 
Platypus 
tuberculosus 
Southern NSW Northern 
Tasmania 
There is a 
continuous set of 
populations 
extending from 
southern NSW to 
south eastern Vic. 
One population, 
disjunct from 
A continuous 
stretch of host 
trees ranges from 
southern Qld to 
southern Tas, and 
to southeastern 
SA 
Host tree ranges 
are well 
connected, with 
small patches 
located in central 
areas. A 
continuous 
stretch of dense 
Populations of 
this species seem 
concentrated in 
southeastern 
Australia. Based 
on host tree 
range, this 
species may 
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others, occurs in 
Smithton, 
northwestern Tas 
host tree ranges 
stretches from 
southern Qld to 
southern Tas 
extend to 
southwestern 
Victoria 
Treptoplatypus 
crenatus 
Northern Qld Southern NSW Populations of 
this species are 
discontinuous. 
One population 
occurs in 
northern 
Queensland, 
which is distantly 
separated from 
another 
continuous 
stretch of 
populations, 
spanning from 
southern Qld to 
central NSW 
Host tree ranges 
cover much of 
northern 
Australia (NT and 
Qld), east Coast 
(Qld, NSW, and 
Vic), and 
southern Vic. 
Isolated 
fragments also 
cover 
northeastern Tas 
and southwestern 
WA 
Much of the host 
tree range is 
sparse, with 
fragments 
becoming patchy 
in inland areas. 
Dense regions 
occur in northern 
Qld, and northern 
to central NSW 
There may be 
other populations 
of this species 
along the coast of 
Qld to northern 
NSW, found in 
pockets of high 
host tree denisty 
Treptoplatypus 
solidus 
Central 
Queensland 
N/A One individual 
has been 
recorded in 
Mirani, Qld 
A continuous 
range of host 
trees cover far 
northern Qld to 
northern Vic. 
Host trees extend 
to the Top End of 
NT and WA, with 
a few patches in 
central Australia 
Host tree density 
is sparsely 
distributed, with 
a moderately 
dense patch in 
Northern Qld. The 
range is fairly 
continuous across 
the eastern coast, 
with a 
discontinuity in 
Southern Qld. All 
other host tree 
ranges in 
Only one 
occurrence 
record was 
available to map 
this species, so 
true range size is 
unknown. Based 
on host tree data, 
this species may 
extend to 
northern 
Queensland. 
Similarly to T. 
crenatus, 
133 
 
 
Australia have a 
sparse and patchy 
distribution. 
populations may 
exist in NSW 
Diapus pusillimus Northern 
Queensland 
Southern 
Queensland 
Disjoint 
connectivity, with 
most occurrences 
densely 
distributed in 
northern Qld. 
One occurrence 
in Brisbane 
Large range, 
spanning from far 
north Qld to 
southern Vic. 
Host trees also 
found in Perth 
Dense host tree 
occurrences 
overlap with 
dense species 
occurrences in 
northern Qld. 
Individual 
occurrence in 
Brisbane may be 
an intercept or an 
established 
individual from an 
international port 
of entry 
Notoplatypus 
elongatus 
Northern 
Queensland 
Northern Victoria Populations are 
disjoint across the 
species range. 
Populations seem 
to cluster in 
North Qld, South 
Qld, and Mid 
NSW. 
Occurrences were 
also found the 
NSW North Coast, 
and also in 
central North 
NSW and Vic 
Almost complete 
host tree range 
across Australia. 
Few host trees 
were found in 
Tas, and North 
Eastern and 
Southern WA 
Host trees 
possess moderate 
densities across 
Australia, with 
high dense 
regions across 
Eastern NSW, 
Southern Vic, and 
South Eastern 
Adelaide 
This species could 
have a large 
range across 
Australia based 
on Host Tree 
preference. 
Whereas this 
species is well 
sampled, further 
sampling across 
other ranges is 
needed 
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Appendix 5. Reference specimens used to construct the identification key 
 
Table A-5. Specimens used for the development of the identification key. Collection dates and 
locality information presented here were collated from pinned labels 
Species  Specimen ID Collectio
n 
Collection 
Date 
Collection 
Locality 
Photograph
d for Key 
Austroplatypus 
incompertus 
FCNI011274 OAI 22/11/198
8 
NSW: 
Ourimbah S.F 
Wyong  
 
FCNI011270 OAI 22/11/198
8 
NSW: 
Ourimbah S.F 
Wyong  
 
FCNI011271 OAI 22/11/198
8 
NSW: 
Ourimbah S.F 
Wyong  
 
FCNI011272 OAI 22/11/198
8 
NSW: 
Ourimbah S.F 
Wyong  
 
FCNI011276 OAI 22/11/198
8 
NSW: 
Ourimbah S.F 
Wyong  
 
FCNI011354 OAI 05/04/199
3 
NSW: Sydney 
WPH 
Cumberland 
S.F 
x 
FCNI011355 OAI 06/04/199
3 
NSW: Sydney 
WPH 
Cumberland 
S.F 
 
FCNI011353 OAI 05/04/199
3 
NSW: Sydney 
WPH 
Cumberland 
S.F 
 
FCNI011352 OAI 05/04/199
3 
NSW: Sydney 
WPH 
Cumberland 
S.F 
 
Baiocis 
pernanulus 
INSECOLL 0-
055573 
QDPC 22/03/193
4 
Nth 
Queensland 
(Gaagazza) 
x 
INSECOLL 0-
055574 
QDPC 1/9/1976 Danbulla, Nth 
Qld 
 
INSECOLL 0-
055575 
QDPC 22/03/193
4 
Nth 
Queensland 
(Gaagazza) 
 
INSECOLL 0-
055576 
QDPC 22/03/193
4 
Nth 
Queensland 
(Gaagazza) 
 
INSECOLL 0-
055577 
QDPC 22/03/193
4 
Nth 
Queensland 
(Gaagazza) 
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Crossotarsus 
armipennis 
122 ANIC 12/12/196
4 
Barron Falls, 
QLD 
 
141 ANIC 04/02/199
6 
Cardstone, 
QLD 
 
142 ANIC 08/02/196
9 
Black Mt Qld  
123 ANIC 12/12/196
4 
Barron Falls, 
QLD 
x 
120 ANIC 05/07/196
5 
Mt Spec, Nth 
Qld 
 
127 ANIC 1993   
172 ANIC 09/10/192
4 
Wyong, NSW  
Crossotarsus 
chalcographus 
262 QDPC 4/8/1972 Upper Marki 
L. A., Bulolo, 
PNG 
 
264 QDPC 19/3/1974 Upper Marki 
L. A., Bulolo, 
PNG 
 
9 QDPC 2/11/1976 Mossman, 
Nth Qld 
x 
Crossotarsus 
externedentatu
s 
FCNI010029 OAI 18/10/196
5 
Fiji  
FCNI010030 OAI 18/10/196
5 
Fiji x 
ASCT0007372
3 
OAI 07/10/196
9 
Taiwan  
ASCT0007371
5 
OAI 01/09/198
3 
Korolevu, Fiji  
Crossotarsus 
lacordairei 
267 QDPC 9/2/1973 Upper Marki 
L. A., Bulolo, 
PNG 
 
269 QDPC 3/11/1972 Upper Marki 
L. A., Bulolo, 
PNG 
x 
272 QDPC 10/11/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
273 QDPC 8/9/1972 Upper Marki 
L. A., Bulolo, 
PNG 
 
268 QDPC 12/1/1973 Upper Marki 
L. A., Bulolo, 
PNG 
x 
270 QDPC 26/1/1973 Upper Marki 
L. A., Bulolo, 
PNG 
 
271 QDPC 22/9/1972 Upper Marki 
L. A., Bulolo, 
PNG 
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Crossotarsus 
mniszechi 
58 AM 04/10/197
4 
Middle 
Claudie R Iron 
Range, Qld 
x 
56 AM 14/10/197
4 
Middle 
Claudie R Iron 
Range, Qld 
 
55 AM 22/12/197
1 
Mt Lomond 
Iron Range, 
Qld 
 
54 AM 14/10/197
9 
Mt Lomond 
Iron Range, 
Qld 
x 
57 AM 20/10/197
9 
Middle 
Claudie R Iron 
Range, Qld 
 
59 AM 03/09/197
4 
Middle 
Claudie R Iron 
Range, Qld 
 
Crossotarsus 
nitescens 
27 QDPC 30/10/197
6 
Mt. Haig, 
Danbulla, Nth 
Qld 
 
75 QM 19/10/199
1 
 
Whitfield 
Road, Cairns, 
Qld 
x 
74 QM 15/01/199
0 
Karnak-Devils 
thumb, NQ 
 
29 QM 28/10/197
6 
Mt. Fox, Nth. 
Qld 
x 
Crossotarsus 
subpellucidus 
196 ANIC 04/11/197
1 
Whitfield 
Road, Cairns, 
Qld 
 
194 ANIC 09/12/196
8 
Crystal Ck., 
Ingham, Qld. 
x 
207 ANIC 04/11/196
7 
Black Mt 
Kuranda, Qld, 
Qld 
 
210 ANIC 06/07/197
1 
McNamee Ck, 
Qld 
 
177 ANIC 15/08/197
3 
Rifle Range, 
Qld, Qld 
 
206 ANIC 24/11/196
4 
Barron Falls, 
Kuranda, Qld,  
QLD 
 
193 ANIC 15/08/197
3 
Rifle Range, 
Qld, Qld 
 
208 ANIC 12/12/196
4 
Barron Falls, 
Qld 
 
201 ANIC 09/11/197
1 
Whitfield 
Road, Cairns, 
Qld 
x 
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212 ANIC 1976 Cairns, Qld  
Dinoplatypus 
cupulatus 
FCNI010140 OAI 24/03/194
9 
N/A  
FCNI010142 OAI 30/04/196
4 
N/A  
FCNI010139 OAI 24/03/194
9 
N/A  
FCNI010138 OAI 24/03/194
9 
N/A x 
Dinoplatypus 
forficula 
232 QDPC 01/03/197
4 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
FCNI010152 OAI 24/09/196
5 
Malaysia  
233 QDPC 26/01/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
234 QDPC 01/03/197
4 
Upper Marki 
L. A., Bulolo, 
PNG 
 
Dinoplatypus 
pallidus 
215 QDPC 27/10/199
2 
Cooloola, Qld x 
FCNI010298 OAI 09/06/196
7 
PNG  
214 QDPC 10/11/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
Dinoplatypus 
pseudocupulatu
s 
FCNI010307 OAI 23/02/196
6 
Yarras Timber 
Mill 
x 
80 QM 28/08/197
0 
Cooloola, Qld  
FCNI010308 OAI 27/09/196
7 
New Guinea  
81 OAI 10/12/198
5 
Iron Range, 
Qld, Qld, 
Cape York 
Pen. 
 
82 OAI 01/01/198
4 
Bamaga, N. Q  
83  01/01/198
4 
Bamaga, N. Q  
FCNI010306 OAI 20/09/196
8 
Malaya  
FCNI010305 OAI 20/09/196
8 
Malaya x 
Euplatypus 
parallelus 
1144/1 QDPC 13/03/197
6 
Brisbane, Qld  
12648 QDPC 08/03/200
7 
Lytton, 
Brisbane 
x 
2001/2 QDPC 20/05/197
6 
New Britain, 
PNG 
 
138 
 
 
12647 QDPC 08/03/200
7 
Lytton, 
Brisbane 
 
12645 QDPC 01/08/200
7 
Nth Gate, 
Brisbane, Qld 
 
0-162787 QDPC 25/07/201
1 
Glass House 
Mountains, 
Qld 
 
0-167890 QDPC 18/10/201
2 
Narangha x 
2001/1 QDPC 20/05/197
6 
New Britain  
Platypus 
apicalis 
FCNI009446 OAI 31/08/198
8 
N/A x 
FCNI010037 OAI 20/02/199
0 
N/A  
FCNI010036 OAI 31/08/199
8 
N/A x 
Platypus 
bifurcus 
274 QDPC 27/06/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
275 QDPC 08/05/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
278 QDPC 14/09/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
279 QDPC 10/11/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
277 QDPC 08/12/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
280 QDPC 06/05/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
Platypus 
carbonescens 
69 QM 08/01/199
1 
15'43S, 
145'17E 
x 
71 QM 19/12/199
8 
16.06.31S, 
145.26.25E 
 
67 QM 25/02/199
4 
17'24S, 
145'41E 
 
72 QM 19/12/199
8 
16.06.31S, 
145.26.25E 
 
73 QM 31/03/199
5 
17'23S, 
145'46W 
x 
68 QM 18/12/198
8 
Mossman 
Bluff, N Qld 
 
70 QM 19/01/199
1 
15'47S, 
145'14E 
 
Platypus curtus FCNI010145 OAI 04/03/196
3 
Nth Borneo x 
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FCNI010147 OAI 26/03/196
3 
Nth Borneo  
FCNI010146 OAI 12/03/196
3 
Philippines x 
Platypus 
froggatti 
FCNI010167 OAI 05/03/192
5 
Sydney, NSW x 
FCNI010170 OAI 23/03/192
3 
Sydney, NSW  
FCNI010168 OAI 26/11/192
3 
Sydney, NSW x 
FCNI010171 OAI 26/11/192
3 
Sydney, NSW  
FCNI010169 OAI 26/11/192
3 
Sydney, NSW  
Platypus 
geminatus 
240 QDPC 23/11/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
239 QDPC 16/11/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
237 QDPC 23/03/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
235 QDPC 16/02/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
241 QDPC 16/03/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
FCNI010159 OAI 14/10/196
8 
Sydney, NSW 
Quarantine 
 
238 QDPC 23/03/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
FCNI010156 OAI 1923 Solomon 
Island 
 
Platypus 
hastulifer 
101 QM 19/10/198
9 
Tomewin 
Range, Qld, 
Upper 
Currumbin, S. 
E. Qld 
x 
102 QM 19/10/198
9 
Tomewin 
Range, Qld, 
Upper 
Currumbin, S. 
E. Qld 
 
99 QM 10/10/198
9 
Tomewin 
Range, Qld, 
Upper 
Currumbin, S. 
E. Qld 
x 
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100 QM 19/10/198
9 
Tomewin 
Range, Qld, 
Upper 
Currumbin, S. 
E. Qld 
 
Platypus 
hospes 
181 ANIC 26/06/196
1 
Philippines  
179 ANIC 26/06/196
1 
Philippines x 
178 ANIC 26/06/196
1 
Philippines  
180 ANIC 26/06/196
1 
Philippines x 
182 ANIC 26/06/196
1 
Philippines  
Platypus 
jansoni 
256 QDPC 19/01/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
250 QDPC 16/06/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
251 QDPC 13/10/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
FCNI010194 OAI 19/05/196
4 
New Guinea  
FCNI010191 OAI 05/07/195
6 
Bulolo, PNG, 
New Guinea 
 
257 QDPC 23/06/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
255 QDPC 19/01/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
254 QDPC 26/01/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
FCNI010192 OAI 05/07/195
6 
Bulolo, PNG, 
New Guinea 
 
252 QDPC 26/01/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
Platypus 
norfolkensis 
187 ANIC 05/04/198
4 
29.01S, 
167.56E 
 
185 ANIC 03/04/198
4 
29.01S, 
167.56E 
x 
183 ANIC 08/04/198
4 
29.03S, 
167.55E 
x 
184 ANIC 03/04/198
4 
29.01S, 
167.57E 
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186 ANIC 08/04/198
4 
29.03S, 
167.55E 
 
Platypus 
omnivorus 
59 AM 7/12/1921 Sydney, NSW x 
FCNI010246 OAI 06/09/199
1 
Gosford, 
Carawah 
Reserve 
 
FCNI010237 OAI 04/04/198
7 
Moonan 
Brook, NSW 
 
FCNI010245 OAI 06/09/199
1 
Gosford, 
Carawah 
Reserve 
 
62 AM 7/12/1921 Sydney, NSW  
63 AM 7/12/1921 Sydney, NSW  
FCNI010242 OAI 06/09/199
1 
Gosford, 
Carawah 
Reserve 
 
FCNI010241 OAI 06/09/199
1 
Gosford, 
Carawah 
Reserve 
 
66 AM 7/12/1921 Sydney, NSW x 
Platypus 
queenslandi 
98 QM 15/01/199
0 
Mossman 
Bluff, N Qld 
 
93 QM 28/11/199
0 
Carbine 
Tableland, N. 
Qld 
x 
90 QM 19/12/199
8 
16.06.31S, 
145.26.25E 
 
88 QM 18/12/198
9 
Mt Lewis Rd, 
N. Qld 
 
89 QM 17/01/199
1 
15'52S, 
145'14E 
x 
87 QM 15/01/199
0 
Mossman 
Bluff, N Qld 
 
Platypus 
scalaris 
41 QDPC 28/10/197
6 
Mt. Fox Nth 
Qld 
x 
42 QDPC 1/11/1976 Mt. Fox Nth 
Qld 
x 
Platypus 
semigranosus 
52 QDPC 01/11/197
6 
Danbula, N 
Qld 
 
49 QDPC 27/10/197
6 
Townsville, N 
Qld 
 
53 QDPC 27/10/197
6 
Townsville, N 
Qld 
x 
45 QDPC 27/10/197
6 
Townsville, N 
Qld 
 
51 QDPC 01/11/197
6 
Danbula, N 
Qld 
 
47 QDPC 27/10/197
6 
Townsville, N 
Qld 
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50 QDPC 28/10/197
6 
Mt. Fox, Nth 
Qld 
 
46 QDPC 28/10/197
6 
Mt. Fox, Nth 
Qld 
x 
Platypus 
subgranosus 
12 QDPC 14/10/197
2 
Mt. Glorious, 
Qld 
x 
9 QDPC 14/11/197
2 
Mt. Glorious, 
Qld 
 
14 QDPC 14/11/197
2 
Mt. Glorious, 
Qld 
 
7 QDPC 14/11/197
4 
Mt. Glorious, 
Qld 
 
18 QDPC 14/11/197
4 
Mt. Glorious, 
Qld 
x 
17 QDPC 14/11/197
4 
Mt. Glorious, 
Qld 
 
8 QDPC 14/11/197
4 
Mt. Glorious, 
Qld 
 
10 QDPC 14/11/197
4 
Mt. Glorious, 
Qld 
 
19 QDPC 14/11/197
4 
Mt. Glorious, 
Qld 
 
Platypus 
tuberculosus 
N/A ANIC 18/10/197
9 
Sumac Rd  
N/A ANIC 6/2/1980 Smithon, Qld x 
N/A ANIC 18/10/197
9 
Sumac Rd  
N/A ANIC 6/2/1980 Smithon, Qld  
Treptoplatypus 
crenatus 
159 ANIC 06/12/196
8 
17.27S, 
145.27E 
 
152 ANIC 15/01/197
0 
11.55S, 
145.18E 
x 
147 ANIC 02/71 Kuranda, Qld  
149 ANIC 04/01/197
1 
Black Mt., 
Kuranda, Qld, 
Nth Qld 
 
144 ANIC N/A N/A  
156 ANIC 05/03/192
0 
Sydney, NSW  
143 ANIC 02/71 Kuranda, Qld  
163 ANIC 24/12/198
2 
Atherton 
area, N. Qld 
 
166 ANIC 04/01/197
1 
N/A x 
Treptoplatypus 
solidus 
FCNI010406 OAI 19/01/196
5 
New Guinea x 
FCNI010404 OAI 19/01/196
5 
New Guinea  
FCNI010403 OAI 17/01/196
4 
Nth Borneo x 
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FCNI010407 OAI 18/11/196
9 
Malaysia  
Diapus 
pusillimus 
222 QDPC 23/06/197
2 
Upper Marki 
L. A., Bulolo, 
PNG 
 
221 QDPC 02/03/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
x 
220 QDPC 4/11/1976 Goldsboroug
h, Nth. Qld. 
 
218 QDPC 16/2/1973 Upper Marki 
L. A., Bulolo, 
PNG 
 
219 QDPC 4/11/1976 Goldsboroug
h, Nth. Qld. 
x 
217 QDPC 31/10/197
6 
Gadgarra, 
Nth Qld 
 
228 QDPC 16/04/197
3 
Upper Marki 
L. A., Bulolo, 
PNG 
 
Diapus 
quinquespinatu
s 
1625 OAI 16/02/194
8 
N/A  
1617 OAI 24/03/194
1 
N/A  
1627 OAI 24/03/194
1 
N/A x 
1619 OAI 24/03/194
1 
N/A  
1624 OAI 16/04/194
1 
N/A  
1618 OAI 30/05/196
7 
New Guinea  
1623 OAI 30/05/196
7 
New Guinea x 
Notoplatypus 
elongatus 
38 ANIC Apr-87 35.30S, 
150.18E 
x 
39 ANIC Apr-87 35.30S, 
150.18E 
 
84 ANIC 09/03/199
8 
17.39S, 
145.27E 
 
34 ANIC 21/04/198
2 
24.14S, 
150.36E 
 
FCNI011369 OAI 17/06/198
9 
NSW: 
Ourimbah SF, 
Wyong 
 
FCNI011403 OAI 02/02/199
0 
Burrawan SF, 
NSW 
 
FCNI011375 OAI 09/11/198
8 
Cumberland 
SF, Sydney, 
NSW 
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FCNI011374 OAI 09/11/198
8 
Cumberland 
SF, Sydney, 
NSW 
 
FCNI011373 OAI 09/11/198
8 
Cumberland 
SF, Sydney, 
NSW 
x 
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Appendix 6. Specimens used for COI DNA barcoding and 28S rDNA sequencing 
 
Table A-6. Specimens which were used for molecular analyses. Successful sequences are listed by 
the primers that were used to amplify the product, blank spaces represent unsuccessful 
amplifications. Specimen labels are listed as provided. 
Genus Specimen label Successful 
COI sequence 
Successful 
28S sequence 
Specimen Label 
Crossotarsus 17. Cr. F. 1. 1   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
29. Cr. F. 1. 1   Jan-10 17.459'S 146.021'E 
61. Cr. F. 1. 2   QLD: 17.458Sx146.021E Polly Ck., 
Garradunga, Malaise at house 
19590 1-7 Jan Hasenpusch 
17. Cr. M. 1. 21   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
18. Cr. M. 1. 2   Qld: 16.566°S 145.274°E Mt. 
Lewis Rd., 7.7 km WNW Julatten 
942m 22 Nov 2009. Pyreth. logs. 
Monteith & Turco.18647 
59. Cr. M. 1. 1   Qld: 17.454°S 146.02°E Poly Ck., 
Garradunga, Malaise 4. 126m. 
18693 25 Nov-2 Dec 2009 
G.B.Monteith, F.Turco & 
J.Hasenpusch.   
61.Cr.M.1.4  S1718/A2411 S3690/A4394 QLD: 17.458Sx146.021E Polly Ck., 
Garradunga, Malaise at house 
19590 1-7 Jan Hasenpusch 
19.Cr.M.1.3   QLD: 17.458°S 146.021°E Polly 
Ck., Garradunga 58m. 7-10 Jan 
2010. MV Light  J.Hasenpusch. 
19662 
20. Cr. M. 2. 1   Qld: 16.536°S 145.287°E Mt. 
Lewis Rd., 8.4 km NNW Julatten 
984m. 22 Nov 2009  18634 
G.Monteith & F.Turco Pyreth 
trees & logs 
45. Cr. M. 2. 1   Qld: 17.433°S 145.510°E Thiaki 
Creek 18 Jan 2010.Bark spray 
G.Monteith 19539 
60. Cr. M. 2. 1   QLD: 17.458°S 146.021°E Polly 
Ck., Garradunga, Malaise 5. 57m. 
19582 3-30 Dec 2009 
J.Hasenpusch 
34. Cr. M. 3. 1   Dec-09 17.459'S 146.021'E 
Crl1 LCO/HCO  PNG, Madang, 2002. Hulcr et al 
coll PAIRS LAURACEAE 
Crl2 S1718/A2237  PNG, Madang, 2002. Hulcr et al 
coll PAIRS LAURACEAE 
Crl3 S1718/A2237  PNG, Madang, 2002. Hulcr et al 
coll PAIRS LAURACEAE 
146 
 
 
Crm1 S1718/A2411 S3690/A4394 PNG, Madang, Ohu, 2006 Hulcr et 
al coll Trunk, NOD15 
Crm2 S1718/A2411  PNG, Madang, Ohu, 2006 Hulcr et 
al coll Trunk, NOD15 
Crm3 S1718/A2411  PNG, Madang, Ohu, 2006 Hulcr et 
al coll Trunk, NOD15 
Crext1 LCO/HCO S3690/A4394 Malaysia, Sabah, Danum Vall. 
100m asl. Jul ’06 Hulcr et al coll. 
Crext2 LCO/HCO S3690/A4394 Malaysia, Sabah, Danum Vall. 
100m asl. Jul ’06 Hulcr et al coll. 
Crext4 LCO/HCO S3690/A4394 Malaysia, Sabah, Danum Vall. 
100m asl. Jul ’06 Hulcr et al coll. 
Crext5 LCO/HCO S3690/A4394 Malaysia, Sabah, Danum Vall. 
100m asl. Jul ’06 Hulcr et al coll. 
Crext6 LCO/HCO S3690/A4394 Malaysia, Sabah, Danum Vall. 
100m asl. Jul ’06 Hulcr et al coll. 
Dinoplatypus 1. Din. 1. F. 1   QLD:12.714°S 143.287°E East 
Claudie River, 15m 
8. Din. F. 1. 1   QLD: 17.458°S 146.021°E Polly 
Ck., Garradunga,  Malaise 6. 58m. 
19659 13 Jan- 4 Feb 2010 
J.Hasenpusch. 
10. Din. F. 1. 1   QLD:12.714°S 143.287°E East 
Claudie River, 15m 9Dec2010  
34778 G.Monteith Barkspray/log 
1. Din. 1. F. 3   QLD:12.714°S 143.287°E East 
Claudie River, 15m 
1. Din. 1. M. 2   QLD:12.714°S 143.287°E East 
Claudie River, 15m 
2. Din. M. 1. 1 S1718/A2237 S3690/A4394 QLD:12.714°S 143.287°E East 
Claudie River, 15m 
9. Din. M. 1. 1  S3690/A4394 QLD:12.713°S 143.320°E Gordon’s 
Creek, 15m 9Dec2010  34779 
Escalona &Will, MV light 
1. Din. 1. M. 4   QLD:12.714°S 143.287°E East 
Claudie River, 15m 
Dinpa1 LCO/HCO S3690/A4394 KHLONG PHANOM NP 24.III.2006 
MADAU BRANCH 
Dinpa2   KHLONG PHANOM NP 24.III.2006 
MADAU BRANCH 
Dinpa3   KHLONG PHANOM NP 24.III.2006 
MADAU BRANCH 
Dinpa4   KHLONG PHANOM NP 24.III.2006 
MADAU BRANCH 
Dinpa5   KHLONG PHANOM NP 24.III.2006 
MADAU BRANCH 
Dinpa6   KHLONG PHANOM NP 24.III.2006 
MADAU BRANCH 
Dinps1 S1718/A2411 S3690/A4394 PNG, 2006, Hulcr et al Trunk OHU 
NAU 3 #11 
Dinps2 S1718/A2411 S3690/A4394 PNG, 2006, Hulcr et al Trunk OHU 
NAU 3 #11 
Dinps3   PNG, 2006, Hulcr et al Trunk OHU 
NAU 3 #11 
Euplatypus Eup1   2014-11-26 Lucky coll MEX. 
Nayarir, Chacala In flight 
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Eup2   2014-11-26 Lucky coll MEX. 
Nayarir, Chacala In flight 
Eup3 S1718/A2411 S3690/A4394 2014-11-26 Lucky coll MEX. 
Nayarir, Chacala In flight 
Platypus 3. Pl. F. 1. 1   QLD: 26.893°S 151.616°E Bunyas, 
Maidewell T/O 
23. Pl. F. 1. 1   Atherton rnge, stp 10 
44. Pl. F. 1. 1   Feb-10 -30.478, 152.554 
17. Pl. F. 2. 4   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
17. Pl. F. 2. 5   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
24. Pl. F. 2. 1   Clohesy Rv, stp 11 
17. Pl. F. 2. 7   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
17. Pl. F. 2. 8   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
40. Pl. F. 3. 2   Nov-08 28.193'S 153.128E 
63. Pl. F. 4. 1   Feb-16 Port Kembla Cemetery, 
NSW. Moaochamus lure trap. A. J. 
Carnegie 
1. Pl. 1. M. 11   QLD:12.714°S 143.287°E East 
Claudie River, 15m 
6. Pl. M. 2. 1   QLD: 28.198°S 153.125°E O'Reillys 
road, 800m 29Sep 2010 
G.Monteith Barkspray,RF,  34618 
14. Pl. M. 2. 1 S1718/A2237 S3690/A4394 Qld: 17.383°S 145.797°E Mt. 
Bartle Frere, 0.5 km E Centre 
Peak. 1345m. 19 Nov 2009.  
18643 Pyrethrum trees & logs 
G.Monteith & F.Turco.   
37. Pl. M. 2. 1   Oct-08 28.145'S 153.113'E 
6. Pl. M. 3. 2   QLD: 28.198°S 153.125°E O'Reillys 
road, 800m 29Sep 2010 
G.Monteith Barkspray,RF,  34618 
6. Pl. M. 3. 7 LCO/HCO S3690/A4394 QLD: 28.198°S 153.125°E O'Reillys 
road, 800m 29Sep 2010 
G.Monteith Barkspray,RF,  34618 
40. Pl. M. 3. 1 LCO/HCO  Nov-08 28.193'S 153.128E 
13. Pl. M. 4. 1 S1718/A2237 S3690/A4394 Qld: 17.108°S 145.569°E Lamb 
Range, 6.6 km NNE Tinaroo Falls. 
1191m. 16 Nov 2009. Pyrethrum 
Monteith & Turco.18613 
57. Pl. M. 4. 1   Qld: 17.580°S 145.699°E 
Palmerston NP 14 Jan 2010. 
Barkspray G.Monteith. 19546 
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57. Pl. M. 4. 2 S1718/A2237  Qld: 17.580°S 145.699°E 
Palmerston NP 14 Jan 2010. 
Barkspray G.Monteith. 19546 
15. Pl. M. 5. 1 S1718/A2237  QLD: 17.456°S 146.02°E Polly Ck., 
Garradunga, Malaise 2. 52m. 
19579 3-30 Dec 2009. 
J.Hasenpusch.  
16. Pl. M. 5. 1 S1718/A2411  Qld: 17.433°S 145.510°E Thiaki 
Creek 18 Jan 2010.Bark spray 
G.Monteith 19540 
Plj1   PNG, Oro, Popondetta, 6/06 Hulcr 
et al. coll. TRUNK ART 11# 
Plj2   PNG, Oro, Popondetta, 6/06 Hulcr 
et al. coll. TRUNK ART 11# 
Plj3   PNG, Oro, Popondetta, 6/06 Hulcr 
et al. coll. TRUNK ART 11# 
Plj4   PNG, Oro, Popondetta, 6/06 Hulcr 
et al. coll. TRUNK ART 11# 
Plj5   PNG, Oro, Popondetta, 6/06 Hulcr 
et al. coll. TRUNK ART 11# 
Plj6   PNG, Oro, Popondetta, 6/06 Hulcr 
et al. coll. TRUNK ART 11# 
Treptoplatypus 26. Tr. F. 1. 2 S1718/A2411 S3690/A4394 Apr-10 Kuranda 335m 16.48'S 
1458.38'E  
31. Tr. F. 1. 1 S1718/A2411  Dec-09 17.459'S 146.021'E 
53. Tr. F. 1. 1   Aug-10 16.48'S 145.38E 
47. Tr. F. 1. 1  S3690/A4394 Dec-09 17.459'S 146.021'E 
7. Tr. M. 1. 1 S1718/A2411 S3690/A4394 QLD:12.885°S 143.007°E Pascoe 
Riv. Xing. 34812 14Dec2010   
G.Monteith. Hand col.l, riparian 
RF 
17. Tr. M. 1. 2   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
38. Tr. M. 1. 1   Oct-08 28.188'S 153.121E 
17. Tr. M. 1. 5   QLD: 17.458°S 146.021°E Polly 
Ck.,Garradunga, 58m 1-4 Feb 
2010. MV Light J.Hasenpusch. 
19661 
43. Tr. M. 1. 1   Jul-10 16.48'S 1458.38'E 
Trs1   PNG, Madand, Ohu2, 6/06 Hulcr 
et al. coll. TRUNK NRU 13# X 
Trs2   PNG, Madand, Ohu2, 6/06 Hulcr 
et al. coll. TRUNK NRU 13# X 
Trs3   PNG, Madand, Ohu2, 6/06 Hulcr 
et al. coll. TRUNK NRU 13# X 
Trs4   PNG, Madand, Ohu2, 6/06 Hulcr 
et al. coll. TRUNK NRU 13# X 
Trs5   PNG, Madand, Ohu2, 6/06 Hulcr 
et al. coll. TRUNK NRU 13# X 
Trs6   PNG, Madand, Ohu2, 6/06 Hulcr 
et al. coll. TRUNK NRU 13# X 
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Diapus 5. Dia. M. 1. 1 S1718/A2237 S3690/A4394 QLD: 17.458°S 146.021°E Polly 
Ck., Garradunga, Malaise 5. 57m. 
19658 13 Jan- 4 Feb 2010  
Diapus1   PNG, 2006, Hulcr et al. Trunk OHO 
NOD4 
Diapus2   PNG, 2006, Hulcr et al. Trunk OHO 
NOD4 
Diapus3   PNG, 2006, Hulcr et al. Trunk OHO 
NOD4 
Diaq1   PNG, E. Sepik, Utai, Apr 2006 
Hulcr et al. coll. TRUNK ART. 8#1 
Diaq2 S1718/A2237 S3690/A4394 PNG, E. Sepik, Utai, Apr 2006 
Hulcr et al. coll. TRUNK ART. 8#1 
Diaq3 S1718/A2237 S3690/A4394 PNG, E. Sepik, Utai, Apr 2006 
Hulcr et al. coll. TRUNK ART. 8#1 
Unknown 14. Un. M. 1. 2   Qld: 17.383°S 145.797°E Mt. 
Bartle Frere, 0.5 km E Centre 
Peak. 1345m. 19 Nov 2009.  
18643 Pyrethrum trees & logs 
G.Monteith & F.Turco.   
14. Un. M. 1. 3 S1718/A2411  Qld: 17.383°S 145.797°E Mt. 
Bartle Frere, 0.5 km E Centre 
Peak. 1345m. 19 Nov 2009.  
18643 Pyrethrum trees & logs 
G.Monteith & F.Turco.   
14. Un. M. 1. 4   Qld: 17.383°S 145.797°E Mt. 
Bartle Frere, 0.5 km E Centre 
Peak. 1345m. 19 Nov 2009.  
18643 Pyrethrum trees & logs 
G.Monteith & F.Turco.   
64. Un. M. 2. 1 S1718/A2411 S3690/A4394 NSW. Nemoral nr Bellingen. 22 
Jan 16 D. S. Kent. On water 
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